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COIN SENSING APPARATUS 

The prcseot iaventson relates to an apparatus and method for sensing coins and other small discrete 
objects, and in particular to an apparatus which maybeusedin coin counting or handling. ^ 

/ 

BACKGROU^a> INFORMATION ( 
A number of devices are intended to idea^ aod/br discriminate coins or other small discrete objects. 
One example is coin counting or handling devices, (such as those described in U.S. Patetit Application 
08/255^39, now U.S. Patent 5564546, and iU continuation application S.N. 08/689 826, 0?W237,486, now 
U.S. Patent 5620079 and its continuation serial number, 08/834,952, now U.S. 5,79^,767, and 
08/431,070, now U.S, 5,746.299. all of which are incorporated herein by refercaq^. Other examples 
include vending machines, gaining devices such as slot marines* bus or subway coin or token "fare 
boxes", and the like. Preferably, for such puq)oses, the sensors provide information which can be used 
to discriminate coins from non-coin objects and/or which can discriminate amcmg different coin 
denominations and/or discrhninate coins of one country from those of another. 

Previous coin ha n^^^g devices, and sensors therein, however, have suffered finom a number of 
deficiecde& Maiy previous sensors have resulted in an undesirably large proportioa of discrimination enors. 
At least in some cases Ibis is believed to arise from an undesirably small signal to noise ratio in the sensor 
ou^ Accot^n^, it would be usefiil to provide coin discrimination sensors having improved signal to noise 
ratio. 

Ktoyprcwus coin handling devices, and associated sensors,^ receive only one 

coin at a time, such as a typical vending machine which receives a single coin at a time through a coin slot 
These devices typically present an easier coin handling and sensing environment because there is a lower 
cxpectaticn for coin tiirougl^ut, an avoidance of the deposit of foreign material, an avoidance of small inter- 
com spadng (or coin overlapX and because the stot naturally defines maximum coin diameter and thickness. 
Coin handlcn and season that mi^t be openMe for a one-at-a-thne coin environment may not be satisfactory 
lor an caviroomcitf in whidi a niass or phir 8% of coins can b^ 

as a tri^ for leodving a mass of coins, poured into the tray from, e:g., a coin jar). Aoccidingly it would be 
usefiil to ptovide a coin handler and/or sensor whidi. al&ou^ it migjit be successfully employed in a one-cotn- 
at-a-time environment, can also function satisfactorily in a device which receives a mass of coins. 

Many prewous sensofS and associated circuitry tised for coin discrimination were configured to sense 
characteristics or parameters of coins (or other objects) so as to provide data relating to an average valueXor 
a coin as a whole, Sudi sensors and ciicuiUy were not able to provide information ^ific to certain regions 
or levels of the coin (such as core material vs. cladding material), to some currencies, two or more 
denominations may have average characteristics which are so similar that it is difficult to distinguish the coins. 
For example, it is difficult to distinguish U.S. dimes fi-om pre- 1 982 U.S. pennies, based only on average 
differences, the main physical difference being the difference b cladding (or absence thereoO- In some 
previous devices. mducUve coin testing is used to detect Ihe effect of a coin on an alternating 
electromagnetic field produced by a coil, and specifically the coin's effect upon the coU's impedance, e.g. 
related to one or more of the coin's diameter, thickness, conductivity and permeability. In general, when 



an alternating electromagnetic field is provided to such a coil, the field will penetrate a coin to en extent that 
decreases with increasing frequency. Properties near the surface of a coin have a greater effect on a higher 
frequency field, and interior matoial have alessereffect Because certain coins, such as the United States 
ten and twenty-five cent coins, are 1 amin ated, this fi-equency dependency can be of use in coin discriminati on, 
but. it is believed, has not previously been used in this tnanner.. Accordingly, it would further be useful to 
provide a device vdiich can provide infonnation relating to different regions of coins or other objects. 

Although tbm are a number of parameters y/tddx. at least theoretically, can be useful in 
dtscriminatiDg cdns and small objects (such as size, inclu&sg diameter and fhidcnessX mass, density, 
conductivit)r, magnetic penneabilityt homogeneity or lade thereof (sudi as dadded or plated ooinsX and the 
hke^manypievioussensorswerecoDfiguredtodete^ In embodiments 

in which cmly a single parameter is used, discrimination among corns and other small objects was often 
inaccurate, yielding both misidentification of a coin denominati6n (false positives), and failure to recognize 
a coin denominaticm (false negatives). In some cases, two coins winch are different may be identified as the 
same coin because a parameter which could serve to discriminate between the coins (such as presence or 
absence of plating, magnetic non-magnetic character of the com^ etc,) is not detected by the sensor. Thus, 
using such sensors, when it is desired to use several parameters to discriminate coins and other objects, it has 
been necessary to provide a plurali^d'sensors (if such sensors are available), typically one sensor for eadi 
parameter to be detected. Multiplying the number of sensors in a device increases the cost of fabricating, 
designing, maintaining and repairing such ^paratus. Furthennore, previous devices typically required that 
multiple sensors be spaced apart, usually along a linear trade which the coins follow, and often the spacmg 
noust be relatively far apart in order to properly conelate sequential data fi-om two sensors with a particular 
coin (and avoid attributing data from the two sensors to a single coin when the data was related, in fact, to two 
(££foentcoins). This pacing increases the physicd size requirements for sudi a device, and may lead to a^ 
q>paratu$ whidi is relatively stow since the path which the coins are required to traverse is longer. 

Furthmnore, when two or more sensors each ou^ut a single parameter, it is typically difficult or 
iinpossibfe to base discriniiiiation on the rdationship or profile of one parameter to a seco^ 
given coin, because of the difticulQr in Imowing i^di point in a first pa^ 

point in a second parameter profile, if there are multiple sensors ^aced along the coin path, the softwaie for 
coin discrimination becomes more complicated, since it is necessary to keep track of when a coin passes by 
the various sensors. Timing is affected, c.g, by speed variations in the coins as they move along the coin path, 
such as rolling down a rail. 

Even in cases where a single core is used for two different fi-cqucncies or parameters, many previous 
devices take measurements at two different times, typically as the com moves through different locations, in 
order to measure several different parameters. For example, in some devices, a core is arranged with two 
spaced-apart poles with a first measurement taken at a first time and location when a com is adjacent a first 
pole, and a second measurement taken at a second, later time, when the coin has moved substantially toward 
the second pole. It is believed that, in general, providing two or more different measurement locations or 
times» in order to measure two or more parameters, or in order to use two or more frequencies, leads to 
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undesMble loss of coin fliroughput, occupies und&nrably extended space and requires relatively complicated 
drcuils and/br algcrithms (e. g. to matds up seosor outputs as a p articular ccm moves to different measurement 
locatioDs). 

Some sensors relate to the electrical or magnetic pn:T)erties of the coin or other object, and may 
5 mvolve creati<m of an electromagnetic field for qjplication to the coin. With many previous sensors, the 

intoactiooofgcnerated magnetic flux with the coin was too lowtopcnnit the desired efficiency and accuracy 
of coin discrimination, and resulted in an insufficient ^gnal*to-nbise ratio. 

Many piwious com handling devices and sensors had characteristics wfaich weie undearable» 
espedaDywheathedevfccswerefcruscliyuntraiiiednsm Such previous devices had insuflBcieot accuracy, 
1 0 short service lil^ had an uodesirab^ high potential for cauang user injuries; were difScult to use, requiring 

training or extcnaveinstnictica, Med»toooiften, to return ui9)roccsscd coins to the user, took too long to 
process coins, had an undcsirrfily tow throughput, wcfie susccpti^^^ 

cleaied without human intervaitioii, often requiring intervention trained personnel, could handle only a 
iianowran^cfccan^pcs.OTdcnominaaom. were overly scositi^^ foreign non- 

15 coittot^ects, dther malfimctioon^ the fcnreign objects in the own bins, rerected anundcarably hi^ 

portico of good coins, required firequenl and/br complicated set-iy . calibraticm or ma i nt e nanc e, required too 
large a vohmie or foo^smt, woe ovcriy-senative to temperature variations, were undesirably loud, were hard 
to upgrade or retrofit to benefit fiom new tedinc^gies or ideas, and/or were difficult or e}qpeostve to deagn 
and manufacture 

20 Accordingly, it would be advantageous to provide a coin handler and/or sensor device having 

improved discrinunation and accuracy, reduced costs or space requirements, vWch is faster than previous 
devices, casaer or less c>q)cnsive to design, construct, use an^ and/or results in improved agnal-to- 

noise ratio. 

25 SllMMARYO^TI^EI^^VENTION 

Embodiments of the present invention provide a device for proces^g and/or 
discriminating coins or other objects, such as discrimioating among a plurality of coins 
or otiier objects received all at once, in a mass or pile, from the user, with the coins or 
objects being of many different sizes, types or denominations. The device has a high 
degree of automation and high tolerance for foreign objects and less-than-pristine objects 
(such as wet, sticky, coated, bent or misshapen coins), so that the device can be readily 
used by members of the general public, requiring little, if any, training or insuiiction and 
little or no human manipulation or intervention, other than inputting the mass of coins. 

In one device » after input and, preferably » cleaning, coins are singulated and 
move past a sensor for discrimination, counting and/or sorting. In general, coin slowing 
or adhesion is reduced by avoiding extensive fiat regions in surfaces which contact coins 
(such as making such surfaces cur/ed, quilted or dimpled). Coin paths are configured to 
flare or widen in the direction of coin travel to avoid janmiing. 



A stngulating cam pidkvp assembly is preferably provided with two or more coocentricaUy-mounted 
disks, ooe €i vWcb includes an integrated exit ledge. Movable paddles flex to avoid creating or ^aceibatbg 
jams and deflect over the coin exit ledge. Vertically stacked coins tip backwards into a recess and slide over 
supporting coins to facilitate singulatioii. At the end of a transaction, coins are fonced along the coin path by 
a rake, and debris is removed through a trap door. Coins exiting the coin pickup assembly are tipped away 
from the face-support rail to Tnimmir^ Miction. 

In one device, * sensor is provided in which nearly all the 
znagnedcfiddproduoedby the coil interacts with the coin providing a relaUvely intense electromagnetic field 
in the regioo traversed by a coin or other obicct Preferably, the sensor ean be used to obtain tnfenn^ 
two different parameters <^ac(nn or olher object In one embodinient, a single sensor provides infonnatica 
indicative ofboth size, (diameter) and conductivity. In erne embodimeol, the sensor includes a core, sudi as 
a ferrite or other magnetically penneable material, in a comd (e.g., tCHtoid or half-tonoidD shi^ which 
definesag^. Ilie coin being sensed moves through the vicinity of the gap, in one exi^^ 
gap. In one embodiment, the cort is shaped to reduce sensitivity of the sensor to sb'ght deviations in the 
location rfthe coin within Ae gap (bounce or wobble). As a coin or the object passes throu^ the field in the 
vicinity of the gap, data relating to com parameters are sensed, such as changes in inductance (ftom vMch the 
(ttameter cf tfie object or com, or porti(»is thereof, can be derived), and the quality factor (Q factor), related 
to the amoui^ c«f energy dissipated (from vMch conductivity of the object or coin, or portions thereof, can be 
obtained). 

In one embodiment, data relating to conductance of the coin (or portions thereoi) as a fiinction of 
diameter are analyzed (e.g. by comparing with conductance-diameter data for known coins) in order to 
discriminate the sensed coins. P^erably, the detection procedure uses several thresholds or window 
parameters to provide high recognition accuracy. 

In one coin discrimination apparatus 
an oscillating dectromagnetic field is generated on a single sensing core. The oscillating 
electnxnagneticfield is composed ofone or more frequency conq^^ The electromagnetic fieM interacts 
with a coin, and these interactions are monitored and used to classier the coin accoiduig to its physical 
properties. AU firequency components of the magnetic field are phase-locked to a common reference 
fiequency. The phase relationships between the various frequmcies are locked in oida* to avoid interference 
between fiequendes and with any neighboring cores or sensors and to facilitate accurate detennination of the 
interaction of each frequency component with the coin. 

In one embodiment, low and bigji frequency coils on the core form a part of oscillator circuits. The 
circuits are configured to maintain oscillation of the signal through the coils at a substantially constant 
fiequency, even as the efiective inductance of the coil changes (e.g. m response to passage of a coin). The 
amount of change in other components of the circuit needed to offset the change in inductance (and thus 
maintain the frequency at a substantially constant value) is a measure of the magnitude of the change in the 
inductance caused by the passage of the coin, and indicative of coin diameter. 
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In aMtioD to providing infonnation related to coin diameter^ the sensor can also be used to provide 
infennatioii rdated to coin conductance, preferabfy substantial^ amultaneously ^th providing the diameter 
information. Asacoinmovespastthecoil.tbefe will be an amount of energy toss and the amplitude of the 
signal in the coil will change in a manner related to the conductance of the com (or portions thereof). For a 
5 given effective diameter of the coin, the energy loss in the eddy currents will t>e inversely related to the 

conductivity of the coin material penetrated by the magnetic field. 

Pte&rably, the coin p ickap assembly and sensor legicms are confi gured for easy access for cleaning 
and mAi^fgiii|tvv* such as by providing a sensor block which slides away from the coin path and can be re- 
positiooedwifixyutrecalibratiGa hooeenibodiment»thedivei1erassembfyishmgedtopenmlittobetipped 

10 outward ite access. Preferably, coins vddch stray firomttiec(»npafli are deflected, 

housing and/or bypass chutes, to a customer return area. 

Coins which are recognized and properiy pomtioned'or ^aced are deflec t ed out of the default 
Cpravity-fed) com palhinlo an acoeptazioe bin cr trolly. Any coins or other objects which are not thus actively 
acc^ted travel along a default path to the custcuner return area. Preferably, infonnation is sensed which 

15 peraiits an estimate ofcoinvelodtyand^oraccekraticm so that the deflect^H^mechi^^ 

coins even thoug}i different coins may be traveling at different velocities (e.g. owing to stickiness or adhesion), 
bone embodiment, each object isindividuaUy anafyzed to determine if it is a coin that diould be accq>ted 
(Le; IS leoognized as an acoq>table com denomination), and, if sc\ if it is possible to proper^ ddlect the coin 
(eg. it is sufficiently spaced fixma^axnt coins). By requiring that active steps be taken to acc^t a coin 0.e. 

20 by making tibede&ult path the '^rgecfpaA), it is more likely that all accepted objects will in fact be members 

of an accq;>table class, and will be accurate counted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A dq) tots a coin handling ^)paratus that may t)e used in connection with an embodiment of the 
25 present invention; 

Fib IB depicts a coin hf^^H tog i|»paratus according to an embodiment of the present inventioi^ 
Kg. 2A is a fioot devatxonal view of a sensor and adjacent coin, according to an embodiment of the 
present invention; 

Figs. 2B and 20 are perspective views of sensors and coin*transport rail according to embodiments 
30 of the present mvention; 

Fig 2D depicts a two-core configuration according to an embodiment of the present invention; 
Fig 3 is a front elevational view of a sensor and adjacent coin, according to another embodiment of 
the present invention; 

Fig. 4 is a top plan view of the sensor of Fig. 3; 
35 Fig. 5 is a block diagram of a discrimination device according to an embodiment of (he present 

invention. 

Fig. 6 is a block diagram of a discrimination device according to an embodiment of the present 
invention; 



Fig. 7 depicts various signals that occur in the circuit of Figs. 8A-C; 

Fig 8A-SD are block and schematic diagrams of a circuit which may be used in connection with an 
embodiment of the present invention; 

Fig. 9 depicts an example of output signals of a ^ output by the circuit of Figs. 8A-D as a coin 
passes the 9eDsor> 

Figs 10A and lOB depict standard data and tolerance regions of a type that may be used for 
discriminating coins on the basis of data ou^ut by sensors of the present inventicm; 

Fig. 1 1 is a block diagram of a discrimination device, according to an embodimeot of the present 
invention; 

Fig. 1 i A is a bkck diagram of a two-core disciiminaticm device, according to an emhfM^imcnt of the 
present mveation; 

Fig 12 is ascfaematic and block diagram of a discrimination advice according to an embodiment of 
the present invention; 

Fig 13 dq>ict5use of in-phase and delayed amplitude data for coin discriminating according to one 
embodiment; 

Fig. 14 depicts use of in*pbase and delayed amplitude data for coin discriminating according to 
another embodiment; 

Figs. ISAandlSBarefroDtelevatioQal and top plan views ofasensor, coin path and coin, according 
to an embodiment of the present invention; 

Figs. I6A and 16B are grq>bs dxnving D output from hi^ and low frequency sensors, respectively, 
for eight copper and aluminum disks of various diameters, according to an embodiment of the present 
invention; 

Fig 17 is aperspective view of a coin pickup assembly, rail, sensor and chute system, according to 
an embodiment of the present invention; 

Fig 18 is an e?q)loded view of the system of Fig. 17; 

Fig 19 depicts the system of Fig. 17 with the front portion pivoted; 

Fig 20 is a cross^sectional view taken along line 20-20 of Fig. 17; 

Fig. 21 is a front elevational view of the coin rail portion of Fig. 17; 

Fig. 22 is a perspective view of the system of Fig. 1 7, showing an example of coin locations; 

Figs 23A through 23G are cross sectional views taken along lines 23A-23A through 23G-23G, 
respectively, of Fig. 21; 

Fig 24 is a cross sectional view taken along line 24-24 of Fig 22; 

Fig. 25 is a rear elcvalional view of the system of Fig. 1 7; 

Fig 25A is a partial view corresponding to Fig. 25, but showing the rake in the downstream position; 
Figs. 26 and 26A arc cross- sectional views taken along lines 26-26 and 26A-26A of Figs. 25 and 

25A; 

Fig. 26 is a top plan view of a portion of the system of Fig 1 7, showing a rail rake; 



Figs. 27A and 27B are front and rear per^>ective views of a sensor and sensor board according to 
an embodiment of the present invention; 

Figs. 28A-28I are front, elevational and top views of sensor cores according to embodiments of the 
present invention; 

Fig 29 is a block diagram of functional components of a sensor board, according to an embodiment 
of the present invention; 

Fig. 30 is a graph of an exanq>le of sensor signals according to an embodiment <^ the present 
invention; 

Fig. 31 is a schematic diagram of a sensor board, according to an embodiment of the present 
invention; 

Fig. 32 isablodcdiagFBmofbardwanefcra coin discrimination device, according to an embodiment 
of the present invention; 

Fig. 33 is a gr^h of a hypothetical example of sensor ^gnals. according to an embodiment of the 
present invention; 

Fig. 34 is a flow chait of a coin signature calculation process, according to an embodiment of the 
presmt invention; 

Fig. 35 is a state diagram for a coin ifiscrimination process according to an embodiment of the present 
invention; 

Fig. 36 is a state diagram for a categorization process according to an embodiment of the present 
invention; 

Ftg.37 is a block diagram for a categorization process according to an embodiment of die present 
invention; 

Fig. 38 is a state diagram of a Direct Memoiy Access process according to an embodiment of the 
present invention; 

Fig. 39 isatiming diagram QfaDirectMenxxy Access process according to an embodiment of the 
present invention; 

Fig. 40 is a flowchart showing a coin discrimination process, according to an embodiment of the 
present invention; 

Fig. 4 1 is 8 block diagram showing components of a coin discrimination system according to an 
embodiment of the present invention; 

Fig. 42 is a flowchart showing a leading and trailing gap verification procedure; 

Fig 43 is a partial perspective view showing a coin return path according to an embodiment of the 
present invention; 

Fig. 43A is a partial perspective view showing the diverter cover in a closed or normal position, 
according to an embodiment of the present invention 

Fig. 44 is a partial perspective view, similar to the view of fig 43, but with the diverter cover in an 
open configuration; 

Fig. 45 is a partial rear perspective view corresponding to Fig. 43; 
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Fig. 46 is a partial perspective view corresponding to Fig. 44 but with the sensor retracted; 

Fig. 47 is a partial rear perspective view cwresponding to Fig. 45, but with the sensor retracted; 

Fig. 48 is a partial per^tive view showing the relative position of a trommel according to an 
embodiment of the present invention; 

Fig. 49 is a partial pCTq)ectrve view corresponding to Fig. 48 but with the trommel tilted downward; 

Fig. 50 is a partial per^pectiye view corresponding to Fig. 49 but with the trommel partial^ retracted 
from the cradle; 

Fig. 51 is a partial top plan view showing a trommel according to an embodiment of the present 
invention; 

Fig, 52 is a partial rear elevational view showing a trommel release mechanian, according to an 
embodiment of the present invention; 

Fig. 53 is a perspective view of a trommel with cndcap*s and cradle according to an embodiment of 
the present inventicm; 

Fig. 54 is a perq>ective, partially exploded view of a trommel cradle according to an embodiment of 
the present invention; 

Figs, 55A-C are block diagrams depicting signal generation and use according to embodiments of 
the present invention; 

Fig. 55D is a blodc diagram dq>icting use of a sensor current response to a square wave voltage; and 
Figs 56A-H arc side views of sensor shapes according to embodiments of the present invention. 

BETAILEB DESCRIPTION OF THE PREFERJRED EMBODIMENTS 

The sensor and associated apparatus described herein can be used in connection with a number of 
devices and purposes. One device is illustrated in Fig 1 A. In this device, coins are placed into a tray 1 20, and 
fed to a sensor r^ioo 123 via a first ramp 230 and com pickup assembly 280. In the sensor region 123, data 
is cdlected by which coins are discriminated from non-coin objects^ and dififerent denominations or countries 
of coins are <&criminatedL The data collected in the sensor area 123 is used by the computer at 290 to control 
movement <^coins along asecond ramp 125 in such a way as to route the coins mto one of aplurali^ of bins 
210. The computer may ou^ut infonnation such as the total value of the coins placed into the tray, via a 
printer 270. screen 1 30, or the like. In the depicted embodiment, the conv^ance apparatus 230, 280 which 
is upstream of the sensor region 123 provides the coins to the sensor area 123 serially, one at a time. 

The embodiment depicted in Fig IB gcDcrally includes a coin counting/sorting portion 12 and a 
coqxxWoucher di^^ensing portions 1 4a,b. In the depicted embodiment, the coin counting portion 1 2 includes 
an input tray 16, a voucher dispensing region 1 8, a coin return region 22, and customer I/O devices, including 
a keyboard 24, addiUonal keys 26, a speaker 28 and a video screen 32. The apparatus can include various 
indicia, signs, displays, advertisement and the like on its external surfaces. A power cord 34 provides power 
to the mechanism as described below. 

Preferably, when the doors 36a, 36b are in the open position as shown, most or alt of the components 
are accessible for cleaning and/or maintenance. In the depicted embodiment, a voucher printer 23 (Fig. 41) 



is mounted on the inside of the door 36a. A number of piinteis can be used for this purpose. In one 
embodtmnt^ a nx)delKIJ3S0503print£r» available fi^ The right-hand portion of the cabinet 

includes the coupon feeder 42 for dispensing* e.g., pre-printed manufacturer coupon sheets through a chute 
44 to a coupon hopper on the outside portion of the door 36b. A computer 46, in the depicted embodiment, 
is positioned at the top of the right band portion of the cabinet in order to provide a relatively clean, location 
for the ccnnputer. An I/O board 48 is positioned adjacent the sheet feeder 42. 

The general coin path for the embodiment depicted in Fig IB is from the input tray 16»dovvrn first and 
second chutes to a trommel 52, to a coin piclaq> assembly 54» along a coin rail 56 and past a sensor 58. IC 
based on sensor data, it is determined that tfie com can and should be accq>ted, a controllable deflector door 
62 Is activated to divert coins from tfinr ^ravitatiooal path to coin tubes 64 a. b fi>r delivery to coin trbllQfS 66a» 
b. ffit has iiot been deternnned that a coin can and dH»ild be accepted, the doOT 

(or other objects) continue down their gravitaticmal or defaulf patti to a reject dmte 68 for delivery to a 
customer-accessible reject or return box 22. 

Devices that may be used in connection with the iiq>ut tray are descril>ed in U.S. S.N. 08/255»539, 
nowUS. Patent 5564546. 08/237.486, now U.S. Patait 5620079. supra . 

Devices that may be used in connection with the coin trolleys 66a, 66b are described in S.R 
08/883 J76, lor COIN BIN WITH LOCKING LID, hxxHporated herein by reference. 

Deuces that may be used in connection with tbe coin chutes and the trommel 52 are described in 
PCT/US97A)3 1 36 Fd> 28, 1 997 and its parent provisional qyplication U.S.S.N. 60/012 964, both of vduch 
are incorporated by reference. In one embodiment, depicted in Figs. 51 and 53, the trommel cage 5112 is 
configured to facilitate removal. e.g for cleaning or maintenance purposes or the like. In the embodiment 
depicted in Figs 48 - 54. trommel removal can t>e accomplished with only one hand, pajticulariy by pressing 
button 5212 (Figs 52 and 54)viiiich moves socket 54 14 (Fig F4) out of engagement with cradle pin 5414 (Fig 
54) permitting the cradle 54 16 which bears (he trommel cage (as shown in Fig. 53) to pivot downward 5312 
(Fig 53) from the position 4812 shown in Fig. 48 to the position 4912 dxnvn in Fig. 49. The cradle 54 16 
indudes a telesooping section 54 1 8a,b for permitting tbe trommel cage to be frulhcr retracted to the position 
5012 shown in fig 50 where it can be easily lifted from the cradle. 

Briefly, and as described more thorou^ily below and in the aboVe-noted q>pl^ticnis, a user is 
provided with instructions such as on computer screen 32. The user places a mass of coins, typically of a 
plurality of deaominaticais (^ically accou^iamed by dirt or other non-coin objects and/or foreign or otherwise 
n6n-aocq)table coins) in the input tray 16. The user is prompted to push a button to inform the machine that 
the user wishes to have coins discriminated. Thereupon, the computer causes an input gate 17 (Fig. 41) to 
open and illuminates a signal to prompt the user to begin feeding coins The gate may be cootrolied to open 
or close for a number of purposes, such as in response to sensing of a jam, sensing of load in the trommel or 
coin pickup assembly, and the like. Id one embodiment, signal devices such as LEDs can provide a user with 
an indication of whether the gate is open or closed (or otherwise to prompt the user to feed or discontinue 
feeding coins or other objects). Although instiuctions to feed or discontinue may be provided on the computer 
screen 32, indicator lights (although involving additional wiring and attendant difficulties) are beheved useful 
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aD««use«ofl««rewatcluiigtlKthro.tofthcclmte^ 

coinsorolherobjecta >W««tega»e faopen.aaK,tor 19(Fig. 41)is«:tiv.tedtobcgbroUtiDgth^ 

«MenAljr52. user iik>vcs coins over tte peaked output edge 72 of dm mputfr^^ 

or pivoting the tray by haodle 74. andAr manually feeding coins over the peak 72. Tie coins pass the gate 

(IJT)ically set to prevent passage of niorethanapredetenmned number of sh^^ 

mopeningeqnal to about3.5 times atjpical coin thickness^ 1^ 

the u«rtocontinueordisc«iJimiefecding coins, can relay the stafusrf^ 

fir, pnwide encouragejnent or advertising messages and the like. 

Fin*,and seooiKlchutes (not shorainFig IB) arepositioned between the out^^ 
toy 16 «Kl the input to the trommdS2. Preferabfy.the second chute provider 

agitatowdthatitsupstieanedgethanitsdowiistieamedge. Preferably, the coins cascade or "waterfaU" 
i»iia.passingfi«nlhefest<*ule to the second chute, eg. to indease momentum and tumbling of the coins. 

P^errf»fy. some or aU of the surfi«s that contact the com alongtheooin p 
have noflat region large «oughiiT.oointo cont«* the surface over aU or sub^ 
ofthecoin. Some such surfaces are cun^ed to achieve this result, such that coins make contart 
twpointsofsuchsurfacea Other surfaces may have depressions or prolusions such « being provided ivith 
dimples. qpiMngorothertextures. Preferably, the surface of the second chute isconstnictedsuchthatithas 
afinite radius of cmvature along any plane nonnal to its longitudinal axis . and preferably with such radu of 
curvature increasing in the direction (tf coin flow. 

In one embodiment, the chutes are Wrf from injected nroUed plastic suc^ 
Debi«^,««rihd>lefit«aEXD«PontdeNano«rs&Co^orapoty^ 

Other materials that can be used for the chute include metals, ceramics, fiberglass, reinforced materials. 
q>o»es.cenmnc<oatedorWoa«lmateriaIs.ndthelike. The chutes may contain devices for perfonning 
additional functions such as stops or traps, eg., for dealing with various types of elongate objects. 

Hie trommel 52. in the depicted embodiment b a perforated-waU. square cr«ss-section. rotatably 
mounted container. Preferably, dimples pretiude sUghlly into the interior region of the tn«nmel to avoid 
«dhesionandfarrechieefik*ionbetweencoinsandthei^^ The trommel is rotated 

about its longitudinal axis, fteferably. operation of the device is monitored, such as by monitoring current 
drawfor the trommel motQrusingacui«ntscnsor2I. A sudden increase or spike in cunent drew may be 
considered indicative of an undesirable load and/or jam of the trommel. Tbc system may be configured in 
various ways to respond tosuchasensedjamsuch as bytumingoffthe tremmelmotor to stop attempted 
trommel rotation and/or reversing the motor, or altering motor direction periodically, to attempt to clear the 
jam In one embodiment, when a jam or undesirable load is sensed, coin feed is stopped or discouraged, e.g.. 
byctosingthegateandferilluminatinga-stopfeed-indicator. As the trommel motor 1 9 rotates the trommel! 
one or more vanes prptrxiding into the interior of the trommel assist in providing coin-Jifting/free-fall and 
moving the coins in a direction towards tiie output region. Objects smaller than the smallest acceptable coin 
(about 17.5 mm. in one embodiment) pass through the perforated v«dl as the coins tumble, hi one embodiment, 
the holes have a diameter of about 0.6 1 inches (about 1.55 cm) to prevent passage of U.S. dimes. An output 
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dnite dfirects the (at least partially) cleaned coins exiting the trommel towards the coin piclcup assembly 54. 
Tbe dq)icted horizontal disposition of the troouneU which relies on vanes rather than trommel inclination for 
longitudinal coin movements, achieves a relatively small vertical ^ace requirement for the trommeL 
iWenibly die tromrnd is oiounted in such a way t^^ 

for cleaning and maintenance^ as described, e.g., in PCT Application US97y03 136, si^ra. 

As depicted in Fig. 17, coin pickup assembly 54 includes a hopper 1702 for receiving coins output 
from the trommel 52. The hopper 1702 may be made at relatively low cost such as by vacuum forming. In 
one embodiment, the hopper 1702 is formed of a plastic material, such as polyethylene, backed with sound- 
absorbing foam for reducing noise. Preferably, the helper (or other components along the coin path) are 
CGofigured to avoid slow-up Jams or other difficulties, such as may otherwise result particularly from wet or 
sdckycoins. Without being bouul aiy theoiy, it is beUeved that polye%leoe is useM to r 
sticking. Thus, it may be desirable to include a mechanica] or other transducer for providing energy, in 
response to a sensed jam, skw-vfi or other abnormality. One configuraticm for providing energy is described 
m U.S. patent 5,746,299 incorporated hereb by reference. In one embodiment, slow or stuck coins are 
automaticaBy provided with kinetic energy, hi one embodiment, vibrati<Hial or other kinetic energy is imparted 
by pulsing, alternating, reversing or otherwise activating the hopper motor. Other features whidi may be 
provided for tfie hopper include shaping to provide a curvature sufficient to avoid &ce>to-face contact between 
cdoas and the hopper surface and/or providing suriaoe texture (such as embossing, dimplmg, faceting, quilting, 
ridging or ribbing) on the hopper interior surface. The hopper 1702 preferably has an amount of flexibility, 
rather than being rigid, which reduces the occurrence of jams and assists in clearing jams since coins are not 
forced against a solid, unyielding sur&ce. 

As described below, the coins move into an armular coin path defined, on the outside, by the edge of 
a circular recess 1 802 (Rg. 1 Q and, on the inside, by a ledge 1 804 formed on a rail disk 1 806. The coins are 
moved alcmg the aimular path by paddles 1704a, b, c, d for delivery to the coin rail 56. 

A circuit board 1744 for providing certain control tunctions. as described l>elow, is preferably 
rnourited on tegei>erally accessible front surface of die chassis 1864. An electromagnetic intedcrence (EMI) 
safety diidd 1746 normally covers the circuit board 1744 and swings open on hinges 1 748a,b for easy senoce 
access. 

In the embodiment depicted in Fig. 1 7 and 1 8, the coin rail 56 and the recess 1 808 for the di^ are 
formed as a single piece or block, such as the depicted base plate 1810. In one embodiment, the base plate 
1 8 1 0 is formed from high density polyethylene (HOPE) and the recess 1 808 and coin raO 56, as well as the 
various openings depicted, are formed by machining a sheet or block of HDP£. HDPE is a usefid material 
because, among other reasons, components may be mounted using self-tapping screws^ reducing 
manufacturing costs. Furthcnnore. use of a non-metallic back plate is preferred in order to avoid interference 
with the sensor. In one embodiment, electrically conductive HDPE may be used, e.g. to dissipate static 
electricity. 

Ihe base plate 1 8 10 is mounted on a chassis 1 864 which is positioned within the cabinet (Fig. IB) 
such that the base plate 1 81 0 is disposed at an angle 1866 with respect to vertical 1 868 of between about 0* 
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and about 45». preferably between about ()♦ and about 1 5». more preferably about 20». Preferably, the diverter 
cover 1811 is pivotally coupled to the baseplate 1810. e.g. by hinges 1872a. 1.872b. so that the diverter cover 
1 81 1 may be easSy pivoted forward (Fig. 1 9). e.g. for cleaning and maintenance. 

A totatingmaindt^ 1812 isooofigunedfirti^CsmaU dearaoee) fit against the edge 1802 of recess 
1808. Fingerholes 1813a. b. c. d fadlitate removal of the disk for cleaning or mainteoancc. Relatively loose 
Garge dearanoe) fit is provided between disk holes 1814^ h. «, d and hub pins 1816a. b.c. d and between 
oeitolopcdngl818andniolorhubl820. The k»se fit ofthe holes and the ti^ fit of the edge rfdisk 1812 
assist in reducing debris entrapment and motor jams. Becnise the main disk is noei ved in recess 1 802, it is 
fiw to flex and/or tat, to srane degree, e.g. in order to react to coin jams. 

Astationaiy raU didc 1806 is positioned adjacent the main disk 1812 and has a central opening 1824 

fittingloo8elywithrespecttothemotorhubl820. hone embodiment, the rafl disk is Ibnned of graphite-filled 
phenolic. 

The ledge 1 804 defined »qr the rail disk 1 806 is prefiaably configured so that the annu^ 
flares or vridcns in the directkm of cdn travel SUA that ^MOTjg between 

the bottom or beginning c^fte coin path (at the eight o'ckxdcpositioo 1876) is smaller (such as about 0.25 
inches, or about 6 mm smaller) than the coire^ding distance 1827 at the twelve o'clodc position 1828. In 
one embodimat. the rail disk 1 806 (awl motor 2032) are mounted at a sUght angle to the 
attachment edge 2042 of the hopper 1702 such that, along the coin path, the coin channel generally increases 
in depth (i.e. in a direction perpendicular to the face of Oie rail disk). 

As tfK coins travel counterclockwise firom approximately a 12:00 position 1828 of the rafl disk, the 
ledge is thereafter substantially Koearatongaportioo 1834 (Fig. 19) extend^ 

1 806 and ending adjacent the cob backphite 56 and rafl tip 1836. A tab-like ptutrusion 1 838 is engaged by 
railtipl836,holdingtheraildiskl806inpositioa Tliena disk is believed to be more easily manufactured 
and constructed than previous designs, sudi as those using a com kmfe. Futhennoie, the present design 
avoids the problem, oftei found with a coin knife, in which the tip <^ die knife was. susoq>tible to piying 
outward by ddwis accumulated bdund the tip of the coin knife. 

A tensicn disk 1838 is positioned adjacent the rail disk. The tension disk 1 838 is mounted on the 
iDO«orhubl820viaoenlralopenmgl842andthieadeddijJcfcnobl844. As the knob 1844 is tightened, spring 
fingers 1 846a. b.cd apply force to keep the disks 1838, 1806. 1812 tighdy together, reducmg spaces or 
OBcks in wKchdefcris could otherwise become entrapped Preferably, the knob 1844 can be easUy removed 
byhand,pennittingi«novalofanthedisks 1812, 1806. 1838 (e.g., for mamtenance or cleaning) without the 
need for tools. 

to one embodiment, the tension disk 1 838 and main disk 1 8 1 2 are fonned of stainless steel while the 
rail disk 1 806 is fonned of a diflferent material such as graphile-filled phenolic, which is believed to be helpful 
in reducing galling. The depicted ooin disc configuration, using the described materials, can be manufactured 
relatively easily and inexpensively, compared to previous devices. Paddles 1704a. b. c. d are pivotalJy 
mounted on tension disk pins 1 848a. b, c. d so as to permit the paddles to pivot in directions 1 852a, 1 852b 
parallel to the tension disk plane 1 838. Sudi pivoting is useful in reducing the creation or exacerbation of coin 
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jams sboe coins or otfier items iMiicfa are stopped along the com path will cause the paddles to iiex» or to pivot 
aroaid pins I848a» b, c, d, rather tbao requiring the 

tile stqjpod coins or oOierobjectSL Springs 1 854a, b»c»d resist the pivoting 1852a» 1852b, urging the paddles 
to a positioD orieDted radially outward, in the absence of resistance e.g. from a stepped coin or ottier object 

Preferably, sharp or irregular surfaces which may stop or entr^ coins are avoided Thus, covers 
1 856a, b,c dare placed over the springs 1854a, b,c,d and conically-shaped washers 1 858a, b, c, d protect 
the pivot pins 1 848a, b, c, d In a similar spiriU the edge of the tension disk 1 862 is angled or chamfered to 
avmd coins hanging on a disk edge, potentially causing jamming. 

As dqncted mFig, 25, anunber of corapaoents are mounted on the rear suifm 
Amote, such as modd 2032 drives flierbtBliQn of disks 1812, 1838 via motor drive hub 1820> An actuator 
such as solenoid 2014 CQQtn)ls movement the trap door 1872 (described bek>w)« A sensor assembly, 
indudittg sensor printed drcuit board ^CB) 25 1 2 is slidably mounted in a shield 2514. 

Iheloweredgeoftherecess 1808 isf(»medt^aseparate piece 1872 which is mounted to act as a 
trap door. The trap door 1872 is configured to be moved rearwardly 2012 (Fig. 20) by actuator 2014 to a 
position 2016 to enable debris to fall into debris cap 2018. S<^cnoid 2014 is actuated under control of a 
microoonlrolkr as described below. Preferably, the trap door 1 872 retracts substantially ik> further than the 
front edge of the coin rail disk, to avoid catching, which could lead to a failure of the trap door to close. 
Preferably, a sensor switch provides a signal to Oie mtcroconftroUer indicating vidiether the trap door has 
completely dnit i^eferably the tn^ door is resiliently held in the closed position in such a manner that it can 
be manually opened if desired 

Coins which fall into the hopper 1702 from the trommel 52 are directed by the curvature of the 
hoppq* towards ttie 6.00 position 1 877 (Fig. 1 9) of the annular coin path. In general, coins traveling over the 
downward-turning edge 2024 of the hopper 1702 are tipped onto edge and, partially owing to the backward 
inclmatioD 1866 oftbeq;>paratus, tend to fall into the annular space 1801. Coins which are not positioned in 
the space 1 801 with Ihdr faces adjaceitf the surface of the rail disk (such as coins that may l>e tipped cmtward 
2Q26aor maybepeipendicularto Iherafl disk 2026b) will be struck by the paddle 1704 as it rotates, agitating 
^ coins and eventually oonectly positioning ootic in the ann^^ 1801 with their ftoes adjacent the face 
1801 cftfie annular space defined by the rail disk 1806. It is believed that the shape of the paddle head 2028a, 
2028c, in particular the rounded shape of the radially outmost portion 2206 of the head, asdsts in agitating or 
striking coins in such a manner that they will assume the desired positioiL 

Once coins are positiooed along the annular path, the leading edge of the paddle heads 2028 contact 
the trailing edge of the coins, forcing them along the coin path, e.g. as depicted in Fig. 17. Preferably each 
paddle can move a plurality of coins, such as xip to about 10 coins. The coins are thus eventually forced to 
travel onto and along the linear portion 1 834 of the rail disk ledge 1 804 and are pushed onto the coin rail tip 
1 836. Some previous devices were provided with an exit gate for coins exiting the coin pickup assembly 
\^ch, in some cases, was susceptible to jamming. According to an embodiment of the present invention, such 
jamming is eliminated because no coin pickup assembly exit gate is provided. 
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As the paddle heads 2028 continue to move along the circular path, they contact the linear portion 
1834 (3?ig, 19) of the ledge 18D4 and flex axially outward 2032, ftcilitated by a tapered shape of the radially 
inward portion of the paddle pad 2028 to ride over (i.c. in front of) a portion 1 884 of the rail disk. In one 
eoobodimed, openings or boles 1708 are provided in this portion to reduce frictional drag and to receive e.g. 
trapped debris. Mtich is thus cleared from the annular coin path. 

As seen in Fig. 2 1 , the ledge 1 804 as defined by the rail disk 1 806 is displaced upwardly 2 1 02 with 
respect to the ledge 2 104 of the coin rail tip 1836. The distance 2102 maybe, for example, about O.l inches 
(about 2.5 mm). The difierence in height 2 102 assists in gravilationally moving coins from the rail disk ledge 
1 804 over the upper portion of the •'V^ gap (described below) and onto the ledge ofcoinrail tip 1836. 

The teminal point 2105 of the rail disk kdge is latwaUy spaced a distance 2107 from the initial edge 
ofdie coin raO ledge 2104 to define a "XT gap therd>etweea Thisgap.whidi extends a certain distance 2109 
circunifcreatiaUy, as seen in Rg. 21, receives debris wludi may be sw^ He 
existence of the gap 2107, and its placement, extending betow the rail ledge, by providing a place detms 
swept up by the paddles, avoids a problem found in certain previous devices in which debris tended to 
accumulate where a disk region met a linear region, sometimes accumulating to the point of creating a bump 
or obstruction which could cause coins to hop or fly off the ledge or rail. 

The coin rail 56 funcbCHis to receive coins output by the coin pickiq^ assembly 54, and transports the 
coins in a singulated (<Hie-at*a-time) fashion past the sensor 58 to the diverting door 62. Singulation and 
separation of coins is of particular use in connection with the described sensor, although other types of sensors 
may also benefit from coin singulation and spacing In general, coins arc delivered to the coin rail 56 rolling 
or sfiding on their edge or rim alcmg the rail ledge 2 1 04 . The face of the coins as th^ slide or roD down the 
coin rail are supported, during a portion of their travel, by rails or stringers 2 106a, b, c. The stringers are 
positioned (Fig 23A), respectively, at heights 21088, b, c (with respect to the height of the ledge 2104) to 
provide support suitable for the range of coin sizes to be handled while providing a relatively small area or 
region of cwitact between the coin face and the stringers. Aldx>ugh some previous devices provide for flat- 
topped or rounded-profile rails or ridges, the present mvcntion provides ridges or stringers which at least in 
the seccmd portion, 2t21b, have a triangular <v peaked profile. This is believed to be easier to manufacture 
(such as fay machining into the baseplate 1810) and also maintains relatively small area of contact with the coin 
face despite stringer wear. 

The position and ^ape of the stringers and the width of the rail 2104 are selected depending on the 
range of coin sizes to be handled by the device. In one embodiment, which is able to handle U.S. coins in the 
size range between a U.S. dime and a U.S. half-dollar, the ledge 2 1 04 has a depth 2111 (from the backplate 
2 1 14) of about 0.09 inches (about 2J mra). The top stringer 2 1 06a is positioned at a height 2 108a (above 
the ledge 2104), of about 0.825 inches (about 20 mm), (the middle stringer 2106b is positioned at a height 
2 108b of about 0.49 inches (about 1 2.4 mm), and the bottom stringer 2 1 06c is positioned at a height of about 
0.175 inches (about 4.4 mm). In one embodiment, the stringers are about 0.8 inches (about 2 mm) wide 2109 
(Fig. 23C) and protnide about 0.05 inches (about 1 .3 mm) 2112 above the back plate 2 1 1 4 of the coin rail. 
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As seen m Fig. 22, as the a>iiis enter the coin raU 56. the coii^ 
ie., coins are in sbglefile. albeit possibly iidjaceatcx'toudu^ The singulated configuration of 

the coins can be contrasted with coins which are horizontally partially overtyped 2202a,b as shown in Fig 
22A. Fig. 22 A also illustrates a situation in whidi some coins are stacked on top of one another vcHically 
2202c» d A number of features of the coin rail 56 contribute to changing the coins fitMn the bunched 
configuration to a singulated, and eventually separated, series of coins by the time th^ move past the sensor 
58. Onesuch&atui^isacutK)Utorieoess2ll6piovidodinoradjacentthe aiongafirst 
portion of its extent As seen in Fig. 24, v^^ien coins which are vertically stacked such as coins 2202c, b, 
iOustratedinFig 22, reach tbe cut-out potion 21 16, the top coin, aided by the inclination 1 866 of the rail, tips 
badcwaid 2402 an amount sufficient that it win tend to sHde &iwani 2404 in fiont of the lower coin 2202, 
fiSii^ mto tbe hopper extension 2204 vdiich is 

into the oiain portion of flie ho]^ 1702 to be conveyed back ob to the coin r^^ 

Another feature contributing to smgulatioa is die change in tncUnstlQn of the coin rail firom afirst 
portkn2121a which is inclined, with respect to a horizontal plane 2124 at an angle 2126 of about 0*" to about 
30*, preferably about 0** to about 15* and more preferably about 10*, to a second portion 2121b which is 
inclined with respect to a horizontal plane 2124 by an angle 2128 of about 30 ° to about 60*, preferably 
between about 40* and about 50* and more preferably about 45*. Preferably, the coin path in the transitional 
iegkin2l21cbetweeadiefirstpoition2121aandseo(HidpQrticQ 2121b is smoothly cur^ In one 

embodiment, ^ radhis of curvature of the ledge 2 1 04 in the transition region 2 1 2 1 c is about 1 J5 inch (about 
3.8 cm). 

One feature of mgulating coins, according to the dq)icted endnxiiment, is to primarily use 
gravitatiCHxal forces for this purpose. Use of gravity force is believed to, in genera], reduce system cost and 
compkxi^. This is aocoinpli^iQd by configuring the rail so that a given coin, as it ap^ 
tfie second portion 2121b, will be gravitationally accelerated while the next CYollowing^ coin, on a shallower 
slope, is being accelerated to a much smaller degree, thus allowing the first coin to move away fiom the 
fc^towing coin, creating a q[»aoe therebetween and efifectively produunng a gap between the singiilated coins. 
Thereafier, die following coin moves into the region where it is, in turn, accelerated away firom the successive 
coin. As a ccm moves fiom Afirst r^on2121a toward and into the second region 2121b, the change in rail 
inclinadcm 2126, 23 18 (Fig. 21) causes the coin to accelerate, vMe the foUowmg coins, which are still 
positioned in the first region 2121a, have a relatively lower velocity. 

In one embodiment, acceleration of a coin as it moves into the second rail region 2121b is also 
enhanced by placement of a short, relatively tall auxiliary stringer 2132 generally in the transition region 
2121c. The auxiliary stringer 2 132 projects outwardly fi-om the back surface 21 14 of the coin rail, a distance 
2134 (Fig. 23 B) greater than the distance 21 12 of projection of the normal stringers 2106a, b, c. Thus, as a 
coin moves into the transition region 2 1 2 Ic, the auxiliary stringer 2132 tips the com top outward 2392 , away 
from contact with the nornial stringers 2106a, b, c so that it tends to "fl/' (roll or slide on its edge or rim along 
the coin rail ledge 2 1 04 without contact with the normal stringers 2 1 06a, b, c) and, for at least a time period 
following movement past the auxiliary sUinger 2 1 32, continues to contact the coin rail only along the ledge 
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2104. further nunimizing or redocing friction and dlowing the coin to accelerate along the second region 
2121baf the com raainone embodiment, the coui^ootact portion of 

are somewhat flattened (Fig. 23A) to inaease frictioD and exaggerate the diffeience in coin acceleration 

between the first section 2I21«and the second section 2121b. *i,ere the sto^^ 
such as being substantially peaked (Fig. 23C). 

Another feature of the coin rail contributing to acceleration is the provision of one or more free-faU 
regions where coins will nonnally be out of contact with the stringer:; and thus will contact, at most, only the 
kdgepo,tion2104oftherail b the depicted anbodiment.. first fiee-faU region is pnmdeda^ 
v*e,eintheamdlianrstringer2132tenninates. As noted above, coins in this region wiU tend to contact the 
coinraaonlyalongtheledge2104. Anotl«rfiee-fall region occurs just downstream of the upstream edge 
2342afthedoor62. As seen in F«23E. the door 62 is preferably positioned a distance 2344 (such as about 
0.02 mches.about 0.5 mm)fiomthes«rface2I14of the rail re^ This setback 2344.c^^ 
tenninationofthestring«2106.pnmdes.firee-faUregion^^ If desaed. another ftee-faB 

region can be provided downstream from the door 62. e.g.. where the n^ect coin path 192 1 meete the 
(prefen^ly cnAossed) surii^ of the rqect chute or reject A^^^ 
such as about 1/8 inch (about 3 mm). 

Anothcrl«e.MiegionmaybcdefinedneartheJocation2103 where coins exit the disks 1812. 1806 
«dentad»raa 56. efr.typcaticdng the diskl812tohaveitsfiont surface inaplanesUgh^ 
«bout03 ind«.or abo«t7.5mm)of theplanedefinedbyrafl stringers2I06. This free-fall region isuseful 
not only to assist the tnmsition from the disk onto ti«nul but makes it more likely tfiatcofaswhi^ 
slowcdorstoppedontt^raflneartheendof.lr-BacticawiUbepositic^eddownsta^ 
(F.g. 2 1 ) of the rake 21 52 such that when the rake operates (as described betow). it is more likely to push 
slowedor stoppedcoins down the rail lh«» to knock such coins off the rail. Providing periods of com flying 
mJuees fiicUoD. contributes to coin aoederatioa and also reduces variation in coin velocity since sticky or wet 
coins bebavesimitetytopristine coins whm both are inaflyiog mode. Pnxh«^ 

tobepatticuhriyusefidinmaintainingadesiredaccdenrtion and velocity of which may be wet or sticky. 

Tl«8ensor58ispcdtionedadistance2304 (Kg. 23D) away from the surface of the stringers 2106tt. 
Kcsuffidenttoacoonmwlatepassageofthethidcestcointobehand^ Aldiough certain prefeaed sensors 
and U«iruse.a«describedmc« thoroughly below.it is possible to use features 

other types of sensors which may be positioned in another fashion such as embedded in the coin raU 56. • 

Hk; leading surface of the sensor housing is preferably ramped 2306 such that coins or otiier objecU 
which do not travel bto the space 2304 (such as coins or other objects which are too large or have moved 
partially off the com path) will be deflected by the ramp 2306 onto a bypass chute 1722 (Fig. 17). having a 
deflector plane 1724 and a trough 1726 for deUvery to the coin return or reject cbute 68 where they may be 
returned to the user. The sensor housing also performs a spacer function, tending to hold any jams at least a 
minimum distance from the sensor cote, preferably sufficiently far that the sensor reading is not affected (which 
could cause misdetection). If desired, the sensor housing can be configured such that jams may be permitted 
within the sensing range of the sensor (e.g.. to assist in detecting jam occurrence). 
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IntbedqrictedooofiguratioD, the sensor 58 is configured so that it can be moved to aposittm2142 
away from the coin rail 56, for cleaning or maintenance, such as by sliding along slot 2144. Preferabfy, the 
device is constructed with an mtederence fit so that the sensor 58 may be moved out of position only when the 
diverter cover 1811 has been pivoted forward 1902 (Fig. l9)andsuchthatthcdivcrtercover 1811 may not 
be repositicmed 1 904 to its operating configuration until the sensor 2142 has been property positioned in its 
operBtinglocadon0^ig,21). In another embodiment, depicted in Figs 43 -47, closing the diverter cover 1811 
befcie &e sensor 2142 has been properiy positioned, is prevented by intetfefeace with a pin 43 1 2 (rather than 
inteiferenoe with the sensor itselC which coiild result in Inthedepicted 
cmbodimea^ the pin 43 12 is registered with a hole 43 13 in the diverter cover 1811 vitoi the sensor 24 12 is 
in the unretracted position shown in Hg. 43. Fig 44 shows the configuration with the diverter cover 1811 
cpea Wittitheifivertercover 1811 in ttie open position, the sensor 2142 can be moved fiom the unretracted 
position OFigs 43, 44) to ihe retracted position (Fig 46), eg. For purposes of cleaning, maint€nim^ and the like. 
Fig. 45 is a rear view showing the bottom edge 451 1 of the sens<n' assembly protruding fiiom under a sensor 
cover 4512. Li the depicted embodiuKtit, when the sensor is retracted the bottom edge 45 II inoves from the 
position shown in fig 45 to the position shown in fig 47. (Althou^ Fig 47 shows the cover 45 1 2 moving with 
the sensor, it is also possible to configure the cover 45 1 2 to be stationary while the sensor 2142 is retracted.) 
To avoid accidentally leaving the senscx- in the retracted position when the cleaning and maintenance 
operations are completed, as the sensor is retracted, tiie bottom edge 4511 moves a pin 4515, iMxsiecting 
rearwardlyfinoman>tatab]y-mounteddislc45I7. Movement ofthe pin 4515 causes the disk 4517 to rotate 
4519, against the urging of spring 4521, carrying the pin 4312 to the position shown in fig 46, out of 
registratidn with the bole 4313. When thus moved, the pin 4312 is positioned such that, if an attempt is made 
to close 46 12 the diverter cover 1811 while the seitsor is retracted (Fig. 46) the rear surface ofthe diverter 
cover 1811 will strike the pin 43 12, preventing closure ofthe cover 181 L By sliding the sensor to its 
unretracted position (Fig. 44) the spnng 4521 rotates the disk 4517 to return the pin 4312 to the position 
denoted in Hg 44. registered with the hole 43 13. perinittiiigdosure of tte 1811. Preferabfy, the sensor 
apparatus b configured so that it wiH seat reliably and accurately in a'deaM 

rail such as by engagement of a retention clip 2704 (Fig 21). Such seating, prefmbly combined with a 
relatively hi^ tolerance for positional variations of coins with Tcspecl to the sensor (described below), means 
that the sensor may be moved to the maintenance position 2142 and returned to the operating position 
repeatedly, without requiring recalibration of the device. 

As noted above, in the depicted embodiment, a door 62 is used to selectively deflect coins or other 
objects so the coins ultimately travel to either an acceptable-object or coin bin or troUey, or a reject chute 68. 

In the cmbodirhent depicted in Fig 43 , a coin return ramp 43 1 2 extends fix>m the coin return region 
1 92 1 , through the opening 1 8 1 3 of the diverter cover 1 8 1 1 and extends a distance 4314 outward and above 
the initial portion ofthe coin return chute 68. Thus, coins which are not deflected by the door 62 travel down 
the ramp 43 12 and fly off the end 43 16 ofthe ramp in a "ski jump** fashion l>efofe landing on the coin return 
chute surface 68. Even though preferably, coin contact surfaces such as the ramp 4312 and coin return chute 
68 are embossed or otherwise reduce facia] contact with coins, providing the ''ski jump** flying region further 
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reduces potential for slowing or adhesion of coins (or other objects) as they travel down the return chute 
towards the customer return box. 

Preferably the device is configured such that adivaliQn of the door deflects coins to an acceptable coin 
bin and non-activation allows a cotn to move along a default path to the reject diute 68. Such "actuate-to- 
aooq)r techniqMcnot onljrnroids accumulation of debris in the exit bins but impioves accuracy by accq>ting 
only coins that are rtcognized and. fiirther. provides a coofiguralion wbch is believed superior during power 
failure situations. The actuate-to-accept approach also has the advantage that the actuation mechamsm wiU 
be operating on an object of fawwn characteristics (e.g known diameter, which may be used. e.g. in connection 
with determining velocity and/or acceleration, or known mass, which may be used. e.g. for adjustment of 
forces, such as deflection forces). This affords the opportunity to adjust, e.g. the timing, duration and/or 
strength ofthe deflection to the speed and/or mass of die coin. In a system in which items to be rejected are 
actively deflected, it would be necessary to actuate the deflection mechanism with respect to an object which 
may be unrecognized «■ have unknown characteristics. 

Although in one «»ibodimeat the door 62 is separately actuated for eadi acceptable coin (thus 
reducing solenoid 2306 du^ cycle and heat generatico). it would also be possible to configure a device in 
which, when there are one or two or more sequential accepted coins, the door 62 is maintained m its flexed 
position continuously until the next ncm-accepted coin (or other object) approaches the door 62. 

An embodiment for control and tinting ofthe door 62 deflection wiU be described more thwoughly 
below. In the deleted enrtxxliment. die door 62 is defected by activation of a solenoid 2306. The door 62. 
in one embodhnent, is made of a hard resilient material, sudi as 301 fiiU hard stamkss steel which may be 
provided in a channddiqje as ^wn. In one embodiment, the back surface ofthe coin^tact region rfflie 
door 2308a b substantially covered with a sound^ieadaiing material 2334 such as a foam tape (available from 
3MCompaiiy). Fteferably the ibam tape has a hole 2335 acyacent the region where the solenoid 2306 strikes 
die door 62. 

b one embodiment, the door 62 is not hinged but moves outwardly fiom its rest position (Fig 23E) 
to its deflected position (Fig. 23F) by bending or flexbg. rather thin pivoting. Door 62. being formed of a 
resilient material, wfll ftendtflcct badc2312 to its rest position once tiw solenoid 2306 is no longer activated. 
By re^g on resihency <rf an unhinged door for a return motion, there is no need to provide a door return 
spring. Funhennore, the resihency of tiie door, in general, provides a force greater than die scdenoid spring 
return force nonnaUy provided with a solenoid, so that the door 62 will force die s(4enoid back to its rest 
position (Fig. 23E) (after cessation of tiie activation pulse), more quickly than would have been possible if 
relymg only on the force ofthe solenoid return ^ning^ As a result, the effective cycle time for die solenoid/door 
system is reduced. In one embodiment, a solenoid is used which has a nonnal cycle time of about 24 
milliseconds but which is able to achieve a cycle time of about 10 milliseconds when the resiUcnt-door-closing 
feature is used for solenoid return, as described, hi one embodiment, a solenoid is used which is rated at 1 2 
volts but is activated using a 24-volt ptdse. 

hi some situations, particularly at (he end of a coin discrimination cycle or transaction, one or more 
coins, especially wet or sticlgr coins, may reside on the first portion 2 1 2 1 a of (he rail such that they will not 
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spontaneously (or will oxii^ slowly) move toward the sensor 58. Ihas^ it may be desirable to include a 
mechanical or other transducer for providing energy, in response to a sensed jam, slow-up or other 
abnormality. One configuration for providing energy is described in U.S. patent 5.746^99. incorporated 
herembyrcfinnoe. AocofdmgtoooeenibodinieQtfiYprovidingenergy^aooinrake?!^ 
into a rake slot 2154 (Fig. 23AX may be activated to extend outward 21S6 from the slot 2154 and move 
lengOiwise 2 1 56 down the slot 2 1 54 to pudi slow or stopped cdns dom 

pcxtion 2121bQfthecoinrail»orofftherailtobe captured by the hopper extension 2204 . An enibodiment 
fix* timing and control of the rake is described more thoroughly below. In one embodiment^ rake movement 
is achieved by activating a rake motor 2502 ^ig. l9)coi4>Iedto a linkarm 2504 (Fig 25). This link 2504 
is movab^mcRffited to the rearpoitioQ of the chassis 1864 by apin and slot system 2506a,b, 2507a,b. A plate 
secdoQ 2509 <^ the link 2504 is cockled ^a slol 2511 to an eccentric pin of motor 2502. Aslot 2513 of the 
link arm 2504 engages a rear porticmoftfae rake 2152. ActivatioQ of tise motor 2502 rotates eccentric pin 
2515 and causes link 2504 to move l<mgitudinally 2517. A slot 2513 of the link aim 2504, forces the rake 
2152 toroove 2519 akxig the inclined slot 2154 toward a downslzeam poation 2510 ( Fig. 26A). The fonction 
of causing the rake to protrude or extend outward 2 1 56 from the slot 2 1 54 can be adiieved in a mmaber of 
fashions. In one embodiment, the link arm 2504 is shaped so that when the rake is positioned down the slot 
2154, the rake 2152 isurgedoutwanify 2156 bu the shi^oftbe resilient link aim 25M As the rake is moved 
upstream 2525 toward the nonnal operating location, a cam follower formed on the free end 2527 of the link 
annisurgediearwanilyby a cam 2529 caiiying the rake 2152 wifli it, rearwardly to the retract^ (Fig. 
23A,Fig.26). 

IMerabty, the rake position is sensed or mooitorecl such as by sensing the poffl 
2502» in order to ensure proper rake cperatioa Fteferabfythesystemwil]detect(e.g. via acti\aty sensor 1754) 
if tfie coin rake knocked coins o£f the rail or» via coin sensor 58, if the coin rake pushed coins down the coin 
rail to move past the sensor 58. In one embocfimentifactivationc^the coin rake results in coins being kno^ 
cfffhe rail or moved down the rail, the coin rake will be activated at least a second time and the system may 
be configured to output a message indicating that the system ^KHild be cleaned or requires mamtenance. 

Between ttie tioie that a coin passes beneath the sensor 58 and the time it reaches the d 
62 (typically a period of about 30 milliseconds), control qf>paratus and software (described below) determine, 
i^iiether the ocnn diould t>e diverted by the door 62. In general, it is preferred to make the time delay between 
sensmg an object and deflecting the object (i.e.» to make the distance between the sensor and the deflection 
door) as short as possible while still allowing sufficient time for the recognition and categorization processes 
to operate. The lime requirements will be at least partially dependent on the speed of the processor which is 
used In general, it is possible to shorten the delay by employing a higher- speed processor, albeit at increased 
expense. Shortening the path between the sensor and the deflector not only reduces the physical size of the 
device but also reduces the possibility that a coin or other object may become stuck or stray from the coin path 
after detection and before disposition (potenUally resulting in errors, e.g. of a type in a coin is "credited" but 
not directed to a coin bin). Furthermore, shortening the separation reduces the chance that a faster following 
coin will "catch up" with a previous slow or sticky coin between the sensor and the deflector door. Shortening 
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the separadoD additionally reduces the opportunity for coin acceferation or velocity to change to a significant 
degree between the sensor 58 and the doof 62. Since the door, in one embodiment, is controlled based on 
velocity or acceleration measured or (calculated using data measured) at the sensor, a larger separatioQ (and 
consequently larger raU length with potential variations is, e.g. fiiction) between the sensor 58 and the door 
62 increases the potential for the measured or calculated coin velodly or accelerati(A to be in enor (or 
nusleading). 

Because the coin dcQcctor requires a certain mioimum qrele time (i.c., the lime from activation of 
the sokooid untfl the door has returned to a rest state and is capable of bemg reactivated), it is impossible to 
sucoesafenydcflecttWDCoinswbidiaretoocloselogether. Accordingly, when the system dctennines that two 
oomsare too close together (eg. by detecting successive -trafl" times which are less than a minimum period 
aparti tte win relWn from activating the dcflectw door upon pa^ 
allowing one or both suchcoins to Mow thedefimttpalh to tiiei^ chute, d^ 
have been bodi successfully recognized as acceptable coins. 

Ifacoinistobedivortcd.whaiitreachesthedoor62.solenoid2306isactivaled. Typically. because 
of the step 2 1 36b and/or other flying-inducing features, by the time a coin reaches door 62 it wUI be spaced 
a short distance 2307 (such as 0.08 inches, or about 2 mm) above the door plane 62 and the door, as it is 
deflected to its activated position (Rg. 23F). will meet tiie flying coin and knock the coin in an outward 
direction 2323 to the common entrance 1 728 of acccptable^oin tubes 64a. 64b. Preferably aO coin contact 
surllMXs of die return cbule and coin tube are provided with a surfice texto 

which wiU reduce friction and/or adhesioa Additionally, such surfaces may be provided with a sound- 
deadening material and/or a kinetic energy-absorbing material (to help direct coins accurately into tbe accept 
bins). 

In one embodimeat, the timing rfdeflectioo rfthe door 62 is controUed to increase tiie litelihood that 
the door WiU strike the coin as desired in such a fashion as to divert it to entrance to the coin ^ 1728. Tbe 
prefened striking position my be selected cmpiricaUy. if desired, and may depcad. at least partially, on tiie 

diameter and mass of tbe coins and the coin mix expected m tbe machine as weU as the size ^ 
ofthedoor62. embodiment, the machine is configured to. on average, strike the coin wh« 
edge of tbe coin is approximately 3 mm upstream fupstream" indicating a direction opposite tbe direction of 
coin flow 2332) of the downstream edge 2334 of the actuator door 62 (Fig. 23E). In one embodiment, tiiis 
strike position is the preferred positi<m regardless of the diameter of the coin. 

Prefaably. there is a gqj between coins as they stream past tiie door 62. The preferred gap between 
adjacent coins which have different destinations (i.e.. when adjacent coins include an accepted coin and a not- 
accepted coin) depends on whetiier the accepted coin is before or after Uie non-accepted coin (in which the 
"accepted coin" is a coin which will be diverted by the door and the nol-accepted coin wiU travel past Uic door 
wiUiout being diverted). The gap behind a not-accepted coin (or other object) which reaches tf»e door 62 
before an accepted coin is referred to herein as a "leading gap". The gap behind an accepted coin is referred 
to herein as a "trailing gap". In one embodiment, the preferred leading gap is described by tfie following 
equation: 

GAPh^ = Ad„^ + Error^ + a (i) 
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where: 

^4kAM i^reseotsthechAogeintheactudinter-oomgapfix^ 

58 to the time when the coins reach the door 62 (approximately 3 nun); 

Errorpiv represents the distance error due to compensation uncertainties, assuming leading gap 
worst cooditioDS of maximum initial velocity and a fiictionless rail (^proximately 6 mm); 
and 

a represents the dimeasion fiom the downstream edge of the actuator door 2334 to the 

leading edge ofthe coin at the (Hrefened strike portion (approxin^ mm). 
Iheprefencd mintmum leadhig gap of ^proximately 12 mm applies M/bok a nofi-aooq>tcd coin (or 
other €%)ject) precedes an accq)ted coin hi the commcm case ofa string ofconsecoltve accepted coins, this 
constraiot need not be enfmed after the first coin m the stream. 

In one embodiment, the prefetred trailing gap is described by the folto>ving equation: 

GAP,^« Ads^« + Ad^ +Enror^ +b. a - (2) 

where: 

AdsteAj^ rq[>resents the change in actual inter-coin gap between the sensor 58 and the door 62 
(proximately 2 mm); 

Ad „^ rq>resents the distance the coins travel during the time the actuator door is extended 
(approximatefy 5 mm); 

^or^w r^resents the enor due to cooqiensation uncertainties, assuming trailing g^ worst 
conditions of zero initial velocity and a sticky or higb-fiiction rati (i^proximatdy 6 mm); 
b representstbelength2336ofthedoc»-62;and 

represents the diameter of the accepted coin (in the worst case for a common U.S. coin mix, 
17.5 mm). 

This results in a prefened minnnum trailing gap of 5.2 nan. 

ApEOcessfir verifying flie existence of preferred leading and trailing g^s, in appropriate situations, 
and^or selecting or controlling the activation ofihe door 62 to strike coins at the prefetred position, is described 
bdow. 

In the depicted embodiment, the region of the common entrance 1728 (Fig. 1 7) is provided with a 
flapper movable finom a first position i732a which guides the coiiks into the first coin tube 64a for delivery, 
ultimatefy, to a first com trolley 66a, to a second position 1732b for deflection to the second coin tube 64b for 
delivety to the second coin trolley 66b. In one embodiment, the ilapper 1 732 is made of plastic to reduce noise 
and thetendencyto bind during operation A solenoid actuator 1734, via link arm 1736, is used to move the 
flapper between the positions 1732a, 1732b, e.g. in response to control signals fix>m a microcontroller 
(described below). The flapper 1732 may also be rapidly cycled between its extreme positions to self-clean 
material fixxn the mechanism. In one embodiment, such self-cleaning is perforaied after each transaction. In 
one embodiment, coin detectors such as paired LEDs and optical detectors 1738a, b output signals to the 
microcontroUer whenever passage of a coin is detected These signals may be used for various purposes such 
as verifying that a coin deflected by the door 62 is delivered to a coin tube, verifying that the flapper 1 732 is 
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in the correct position, and detecting coin tube blockages such as may result from backup of coins fimn an 
over-filled coin Wa Thus, the sensor 1738a, 1738b at the end of each tube, each provides data used for 
pcrfonning twoormorefimctioas, such as verifying accepled^in deKveiy. verifying flapper placement, and 
verifying and detecting coin bin overfill. 

As best seen in Figs. 27A and 27B, the sensor 5 8 is preferably directly mounted on the sensor PCB 
25 12 and conununicates. electricaUy. therewith via a header 2702 with leads 2704 soldered onto the board 
2512 Providing the sensw and the sensor board as a single integrated unit reduces manu^ 
eliminates cabling and associated signal noise. The sensor 58 is made of a core 2802 (Figs. 28A. 28B) with 
» low-fiwjuency 2804 and high frequency 2806 windings on the core. Polarity of the windings should be 

obsenwdsothatthqrarepropcrtyjgmchronizedL Providing a winding in a reverse direction can cause signal 
cancellatiaQ. 

The core 2802. in the depicted embodiment, is genersD r U-shaped with a hmer annuhr. 
semicireular. rectangular cross-sectioiied portioii 2808 and an upper portion defining two spaoed-apait legs 
2812a.2812b. The core 2802 in fliedepfctodembodimcat, has a thickness 28 14 of less than about 0 J indies, 
(about 1.27cm) preferably about 0.2 inches (about 5nun). a height 2816 of about 2.09 indies 
(about 53mm) and a width 2818 of about 1.44 inches (about 3.65cm) although other dimensions 
can also be used, such as a thickness greater than about 0.5inches (about 1.27cm). 

Beamse the sensor 58 is preferably rdaavely thin. 2814. Ae magnetic field is relatively lightly 
focused in lhek)ngiludinal(streBmwise)directioa As a result, the coin or other object must be relaUvely dose 
to the sensor before the com will have significant efiect on sensor output For this reason, it is possible to 
provide relatively ck>se spacing of coins without substantial risk of undesirable influence of a leading or 
following coin on sensor output 

The facing smlkes 2822a. b of the legs 2812a. b are. in the depicted embodiment substantially 
panilfclandplaaarandafespacedapartadis»ance2824ofabout0.3 inches (about 8 mm). Tbc interior licing 
s«faoes2822^bh8ve8bagfat at least equal to the width of the coin rail 2826. such as about 1.3 inches (about 
33mm). Wuhfcesensorposilioned as depicted in Fig. 21 in the operating configuration, the upper leg 2812a 
ofthe core is spaced fianfliekwer leg 2812b ofthe core (sec Fig. 23D) by the inter-face gap 2824 lo define 
a ^>ace 2304 for coin passage through the inter-Ieg gap. TTie core 2802 nugr be viewed as having the sh^ 
of a gapped toiroid with extended legs 28 1 2a. 28 12b with paraUel faces 2822a, b. In one embodiment, the 
legs 28 1 2a.b arc substantially parallel. In another embodiment the tegs 281 2a.b are slighOy inclined with 
respect to (me another Id define a tapered gap. Without vrishing to be bound by any theoiy. it is believed that, 
as depicted in Fig. 28E. extended faces which are inclined to define a gap which slightly tapers 2832 (taper 
exaggerated, for at least some embodiments in Fig. 28E) vertically downward yields somewhat greater 
sensitivity near the rail (where the majority ofthe coins or other items will be located) but is relatively 
insensitive to the vertical 2828 or horizontal 2832 position of coins therein (so as to provide useful dau 
regardless of moderate coin bounce and/or wobble) as a coin passes through the gap 2824. hi the embodiment 
Of Fig 28F. the ©(tended faces taper in the opposite vertical direcUon 2834. The faces may be configured at 
an angle 2836a,b,c to the lateral axis 2838 ofthe sensor, as depicted in Figs. 28G, H. and I. By sclectuig the 
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aDgI<s} 2836 ABC used, or otherwise selecting the sh^ of the sensor faces, other tapered spaces between 
Ihe legs can be provided It is also possible to provide for changes in inter-leg pacing as a function of the 
distanoe along the longitudinal axis 2858 including changes which are non-linear, such as providing curved^ 
angled, dog-legged or similar sensor face configuraticms. 

In the deleted embodiment, the faces 2822a,b extend 281 6 across the entire path width 2133, to 
sense all metallic objects that move along the path in the region of the sensor. It is also possible to provide 
face stents which are largei- or smaller than the path width, such as equal to the diameter of the largest 
acc^ytablecoin. 

It is believed that providing a core with a larg^ gap ^e. with mofe air volume) is paitiaUy 
responsible for decreasing the sen^vily to coin misalignments but tends to result in a somew^ lower 
ma^ielic sensitivity and an increase in cross-tatk Li one emb^^ 

o^put deq>ite a vertical di^lacement ("bounce'O of about 0. 1 inch (about 2 .5 mm) or more, and a sideways 
(away fipom the stringers) displacemoit or "wobble** of to 0.01 5 inches (about 0.4 mm). 

In die depicted embodiment the low frequency winding 2804 is positioned at the bottom of the 
semicircular portion 2808 and the high frequency winding is positioned on each leg 2806a, b of the 
semidicular portion. In one embodinMat the low frequency winding is configured to have an inductance (in 
the driving and detection circuitry described below) of about 4.0 milliheniys and the high frequency winding 
2806a, b to have an inductance of about 40 mtcrohemys. These inductance values are measured in the low 
frequency winding with the high frequency winding open and measured in the U 

thelowfrequencywindii^shortBdtpgetber. Ihestgnalsonthe windings are provided to printed circuit board 
via leads 2704. 

In the embodiment of Fig. 28C, the low frequency winding 2842 crosses over itself whereas in the 
e mbodime nt crfPig. 28D, a single continuous winding 2844 is provided without cross-over or multiple layers, 
v4iic^ is beiiewed to in^m)¥e the consistency and rq>eatahiH^ WidK)ut wishing to be 

bound by any theory^ tUs is b^eved to be due at least partially to inareasng the self-resmant firequeocy of the 
low-frequency winding. 

In the embodiment QfFig.28C, the hi^ frequency windings 2846 are positioned about midway ^> 
ttie big^ 2846 of the sensor. In the embodiment of Fig. 28D, the high frequency windings 2852 are positioned 
farther towards the g^ped end 2854 and, in the depicted embodiment, at a non-orthogonal angle 2856 with 
ie^)ect to the loogitudinaJ axis 2858 of the sensor. The position of the high frequency winding shown in Fig. 
28D is believed to provide improved coupling from the high frequency windings to the coin and less 
undesirable coupling between the high frequency and the low frequency windings. Further, it is believed that 
by decreasing the number of turns for the high frequency winding, a resultant decrease in the winding-to-coin 
leakage inductance improves coin coupling (while maintaining the high frequency winding inductance, as 
described above) and further improves high frequency performance of the sensor. 

In addition to the toroid or torus-shaped sensors (Figs 2A. 2B), extended-leg sensors (Figs. 28A-I) 
and other depicted and described sensor shapes, other shapes for (he magnetic core can be provided, such as 
a G-shape(56 1 2. Fig. 56A). a C-shape (56 1 4, Fig 56B), a triangular shape (56 1 8, Fig 56D), a square shape 
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(5616. Fig. 56C). a rectangular shape(5622. Fig 56E). a polygonal shape(5624. Fig 56F). a circular shape 
(214.Fifr2AX*V^(5626rig56Q. and an oval or elliptical shape(5628. Fig. 56H sections or portions 
tbereof and the like. It is beUcved that alteraaUve magnetic core shapes can be advantageously considered, 
de^ite ^bcts such shape dianges may have m smsor peifwrnance. at least partially because oth» shapes 
mqr be found to be more cost-e^tive to produce. 

Althou0i the Ocfiacd endxxfimeats provide a sensor with a single magnetic core as a um'taiy piece, 
it is possible to configure a sensor with two spaced apart components such as providing the signal-generating 
magneUc means on one side of a coin and a signal-receiving magnetic means on the other side of a coin (as 
the coin moves past the center). It is believed, however, that such a muWpart sensor will present ah'gnment 
requiremento and may prove to be relatively expensive or provide less uniform or reliable perfonnance. 

ri^29dq)ictsthem^orlunctionaIconq)ODeots<rflhesensOTPCB25I2. In general, the sensor or 
transducer 58 pioWdes a portion of a phase locked loop wfaiSi is maintained at a substa^ 
frequency. Tlins. the low frequency coil leads are provided to a tow frequency Pli 2902a and the high 
frequency leads are provided to high frequency seasor PLL 2902b. 

Fig. 40 provides an overvievir of a ^ical transaction. The transactioi begins vAm a user {msses 
a "go" or start button 40 1 2. In response, the system opens the gate, and begins the trommel and coin pickup 
assembly disk motors 4014. As coins begin passing through the system, a sensor (not shown) is used to 
determine if the hopper is in an overfiU condition, in which case the gate is closed 4018. Tbe system is 
cooSnnously mooilored for cunent peaks in the motors 4022 e g. using current sensors 2 1 , 4 1 2 1 (Fig. 4 1) so 

that corrective action such as reversing either or both of the motors for dqanuning purposes 402^ 
implemented. 

During nonnal counting operations, the system wiU sense that coins are streaming past the sensor 
4026. The system is able to detomine 4028 whe&er coins are being sent to the refect chute or the coin trolley. 
In the latter case, the system proceeds normally if Oie sensor in the coin tube outputs an intermittent or 
flickering signal Howeva^,ifthe can tube senscr is stuck on wofC indicating, jam t^sfre^ 
(sudi as an overfilled bm). operations are suspended 4036. 

Inooe«iiibodimenl,theflowofcoinsthroughthesystemismanagedand/orbalan^ ^^1^^^^^ 
Rft 41, coin flow can be managed by. e.g., controUing any or all of the state of flie gate 17. state or speed of 
the trommel motor 19 and/or state or speed of the coin pickup assembly 2032 e.g. to optimize or 
otherwise control the amount of coins residing in the trommel and/or coin pickup assembly. For example, if 
a sensor 1754 indicates that the coin pickup assembly 54 has become full, the microconlroUer 3202 can turn 
off the trommel to stop feeding the coin pickup assembly. In one embodiment, a sensor 4112, coupled to or 
adjacent the trommel 52, senses the amount (and/or type) of debris falling out of the trommel during a 
particular transaction or time period and, in response, the microcontiolla 3202 causes the coin pickup 
assembly motor 2032 tonm in a different speed and/or movement panera (e.g. to accommodate a particularly 
dirty batch of coins), possibly at the expense of a reduction in throughput. 
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When die coin sensor 58 (and associated circuitzy aod software) are used to measure or calculate coin 
sposd, this infonnatioQ msy be used not only to cootrol the deflector door 62 as described herein, but to output 
an indication of a need for maintenance. For example as coin speeds decrease, a message (or series of 
messages) to that effect may be sent to the host computer 46 so that it can request preventive maintenance^ 
potentially thereby avoiding a jam that mi^t halt a transactioxL 

Once the system senses that coins are no longer streaming past the sensor» if desired a sensor may 
bg ttsfA to Asta rmma whrfliftr tinlwi ar^ present e.g. near the bottom crfthe hoppCT 4042. If coins are still 
pieseot, the motocs continue operating 4044 untfl coins are no longer detected near the bottom of the hopper. 
Once no more cms are detected near the bottom of the hopper 4046, tiie system determines that the 
trBnsactioDisoon9del& Ihe system wiU&en activate the com rdce»andL if coi^ 

coin sensor 58 or into the hof^MT, the counting cycle is preferably repeated Otherwise^ the transaction will 
be coQsideicd finished 402S, aiKi the system wiU cycle the tr^ 
may be exchanged fcH^ goods, services (H* cask 

The coin sensor phase locked loop (PUS), which includes the sensor or transducer 58, m ain t ains a 
oGostantfiequeoc^ and responds to the presence of a coin in the gap 2824 by a change m theosdilator signal 
amplitude and a change in the PLLenrorvolUge. The phase lodced loop shown in the depicted embodiment 
r^itr^ no ^'<! tron ity ^vyf iypirj>Hy gettlgg in ahoMi 200 imcrosecopds. The system is self-starting and begins 
ftcwiwumg and lodes phase automaticaUy. It b also possible to provide frequencies or signals for application 
to a sensor without u^ng a phase lodk. The winding signak (2 eadi for high frequeiK^ and low frequency 
channels) are conditioned 2904 as described below and sent to an analog-to-digital (A/D) converter 2906. 
The A/D converter san^les and digitizes the analog signals and passes the information to the microcontroller 
3202 (Fig 32) on the Control Printed Circuit Board Assembly (PCBA) (described below) for tether 
manipulation to identify coins. 

Altbou^ in ociB eoibodiDMXit tiie signal or signals provided to the sen^ 
it is also posable to use configurations in vAadh non-sinusoidal signals are provided to the sensor, such as 
(filtered or unfiltered) substantially square wave, pulse, triangle, or similar periodic signals. Such non- 
gji^iigrjA^ signals, in addition to offering system cost savings, for some configurations, also typically include 
various hamxxiicsL Aharmooic-rich signal, such as a square wave signal is believed to be affected differently 
for different coins, e.g., due to the interrelationships of the various harmonics' phases and amplitudes. For 
exan^le, in one embodiment, as d^icted in Fig 55D, qjplicatioo of a square wave voltage to a sensor winding 
may result in a haraionic-rich current flowing through the sensor winding 4552. The sensor current can be 
analyzed as dq>icted 4552 or various components or bandwidths of the sensor current can be separated, e.g^ 
using filters 4554a,b,c for analysis by, e.g., a microprocessor 4556 as described herein, hi this way, it is 
possible to use one signal applied to a sensor coil in connection with two or more signal detecting means for 
distinguishing one coin from another. If desired, each signal detecting means can be used to provide 
infonnation on one aspect of a coin's electrical properties. AJteraatively. it is possible to obtain information 
oa different aspects of a coin's electrical properties by providing different signals 4542a,b,c, applying different 



26 



wive fbnns. l«qucncJes. and the like 4544a.b.c to a coin, for detection by sensor. 4546a.b.c as depicted in 
Fig. 55C. 

Although a phase locked loop (PLL) approach to providing one or more constant fiequencies is 
depicted in Fig. 29. other appro«:hes c«, be used ibr achieving a relationship 

frequency. For example, as depicted in Fig. S5A, if a fi«t fiequency isprovided 4512. afiequenqr divider 
4514canbeus«ltopravide«se«ndlr«iuaqr4516inaknovvnand^^^ 

la the embodiment of Fig. 55B. if a first frequency is provided 4522. a second frequency. 4524 may be 
obtained by usmg a mixer 4526 to combine the first frequency 4522 with a third frequencr 4528. asivill be 
clear to those who have skiB in the art after understandingthe present disclon^^ 

One approach provides a phirality of signals for distinguishing coin types (e.g., a different signal 
Wfore^Aantidpatedoracceptablecointype. Ills believed this approach may pmvide relatively high 
»ccur«cyb«nuiy involve «lditional cost compared lopmviding^redue^ 

Returning to the configuration of Fig. 29. as a coin passes through the transducer 58. the amplitude 
of the PLL mor voltage 2909 a.b (sometimes refencd to herein as a "D" signal) and the ampKtude of the PLL 
sim«oidalosciUalcrsignal(«ne»imesrd««dtoasa"Q-«^^^ 11^ PLL error voltage is filters! 

and conditioned for conversion todigital datiL TlcosciUator signal is filtered, demod^^^^ 
IbreonversionlDdigitaldata. Sinoe these signals are generated by two PLL circuits (high and low fi«,uency) 
fa»signals«sultasthe-sig„at«e-foridenti^gcoins. Two ofthe signals (LF-D.LF.Q) are indicative of 
low-frequency, coin characteristics, and the remaining two signals (HF-D. HF-Q) are indicative of high- 
frequency coin characteristics. Figure 30 shows a four chamiei oscilloscope ptot of the change in the four 
«gnab(LF-D30(«.IJ-Q3004.HF-D 3006. andHF-Q 3008) asacoinpasses the sen^^ 
the coin is represented in the shape, timing and amplitude of the signal changes in the lour signals. The 
Control PCBA. which receives a digitized data representation of these signals, performs a discrimination 
algonthm tocategorize a coin and determine its speed through the transducer, as descdbed below. 

The coin sensor phase locked loop, according to one embodiment, consists of a voltage controlled 
oscilUtor..phasecomparator.amplifier/Blterforthephasecomparatoroutput.andan^^ TT,e 
twoPU,'sopaBleat200KFfeandl01^withtheir,eferenceelocks^^ The phase relaUonship 
between the two clock signals 3 101 a. b is maintained by using a divided-down clock rather than two 

«KfcpendentcIockso«rces3102. The2MHZ clock ontputSlOlaisalsoused as the m^^ 
converter 2906. 

As a coin passes through the transducer's slot, there is a change in the magneUc circuit's reluctance. 
This is seen by circuitry as a decrease in the inductance value and results in a corresponding decrease in the 
amplitude of the Pa error voltage, providing a first coin-identi^mig factor. The passing coin also causes a 
decease in .he amplitude of the sinusoidal oscillator waveform, depending on its composition, e.g. due to an 
eddy current loss, and this is measured to provide a second coin-identifying factor. 

Tht topology of the oscillators 2902a. b relies on a 180 degree phase shift for feedback to its drive 
circuitry and is classified as a Colpitts oscillator. The Colpitts oscillator is a symmetric topology and allows 
the oscillator to be isolated from ground. Drive for the oscillator is provided by a high speed comparator 
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3 1 04a» b. The comparatxr has a fast propagation to minimize distortion due to phase delay, low input currant 
to minimi7e loss, and remains stable while operating in its linear region. In the dq>icted embodiment, the plus 
and minus terminals of the inductors go directly to a high-speed comparator which autobieses the comparator 
so that signals convert quickly and are less susceptible to oscillation and so that there is no need to bias the 
comparator to a central voltage level. By tying the plus and minus terminals of the inductor to the plus and 
minus tenntnals of the comparator* the crossing of the tenninals' voltage at any aibitraiy point in the voltage 
spectrum wiU cause a switch in the comparator output voltage so that it is aulobiasing. This achieves a more 
nearly even (50%) duty cycle. 

TheoutputofthecoaiparatordrivestheosdllatQrthn)u^resi5tors3106a,b. The amplitude (tf* the 
oscillating signal varies and is correlated to the change in 'Q* of the tuned <nrcuit Without .wishing to be 
bound by any theory* this change is believed to be due to change in eddy current when a coin passes tfirough 
the transducer gap. Resistors 3 108 a, b, c, d wcdc with the input capacitance of the comparator 3 104a» b to 
provide filtering of unwanted high frequency signal ccmiponents. 

Voltage cootrol of the oscillator frequency is provided by way of the varactors 3 1 1 2a, b* c» d, which 
act as voltage cootrc^led capacitors (or tuning diodes). These varactors diange the ci^>acitive components of 
the oscillator. Use of two varactors maintains balanced capacitance on each leg of windings 2804. 2 It 
is also possible to provide for tuning without using varactors such as by using variable inductance. As the- 
reverse diode voltage increases* c^acitance decreases. Thus by changing the Voltage Controlled Oscillatc»' 
(VCO) input voltage in accordance with the change in inductance due to the presence of a coin* the frequency 
of oscillation can be maintained This VCO input voltage is the signal used to indicate change of inductance 
in this circuit 

Tliephase^^eqikncy detector 31 14a* bpedbnms certain contr^^ It compares 

the output frequency of the con9)arator 3 106a» b to a synchronized reference dock signal and has an output 
that varies as the two signals diverge. The ou^ut stage of the device aniptifies and filters this phase 
oomparator output signal This amplified and filtered output provides the VCO control signal used to indicate 
diaiige of inductance in this cncuit 

In addition* the depicted device has an output 3 1 1 6a, b which* when q>propnately conditioned, can 
be used to determine whether the PLL is "in lock". In one embodiment, a lock-fail signal is sent to the 
microprocessor on the Control PCBA as an error indication, and an LED is provided to indicate when both 
high and low frequency PLL are in a locked state. 

Because the sensor 58 receives excitation at two frequencies through two coils wrapped on the same 
ferrite core, there is a potential for the coupling of signals which may result b undesired amplitude modulation 
on the individual signals that are being monitored. Filters 29 1 2a, b remove the undesired spectral component 
while maintaining the desired signal, prior to amplitude measurement. In this way, the measured amplitude 
of each signal b not inOuenced by an independent change in the amplitude of the other oscillator circuit signals. 

The filtered output signals are level -shifted to center them at 3.0 VDC in order to control the 
measurement of the signal amplitude by downstream circuitry. 
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b the depicted embodiment, the active higfapass and lowpass filters are implemetited as SaUen-Key 
Butterworth two-pole filter citeuite 2916a. b. DC offset adjustment of the output signals is accomplished by 
usmg a buffered voltage divider as a reference. Input buffers 2914a. b are ijrovided to minimize losses of the 
osciUator circuit by maintaining a high bput impedance to the filter stage. 

The lowpass filter 2916a is designed to provide more than 30dB of attenuation at 2 MHZ while 
niaiitiuningintegrifyofthe200KHzsi9^ Tlie cutoff fiequency 

is 355KHt Mghpassfihoingof the output fitjm the lowpass filter is provided 2918a with a cutoff frequency 
of 20KIfe TirngtoaDCrefrnwe 2922a provides an adjusted output that centers the 200KIfc signal at 3.0 
VDC. This output ofi&et a<yustmeot is desired for subsequent amplitude measuiemenL 

Tie highpass filter 2916b is dedgned to provide more than 30dB of attenuation^t 200KHZ 

maintaining integrify of the 2.0 MHZ signal, with less that 03 dB of loss at Tliecutoff 
fiequencyis 1.125Mlfe. 

AmpUtudemeasurementofthesmusoidalosciUatorwaveformisaccompl^ by demodulating the 
signal with a negative peak detecting circuit, and measuring (he difference between this value and the DC 
refcreaoe VDltagB at which the sinusoidal signal is centered. This comparison measurement is then scaled to 
utilize a significant portion of the A/D converter's input range. The input to the circuit is a filtered sinusoidal 
signal centered at a known DC reference voltage output of the higfapass or lowpass acUve filter. 

Tlieiivwtsignalisdeoodulatedlyaclosed-loopdiodepeakdetcctorcircuit The time constant of 
the network, e.g. 20 msec, is long compared to the period of the sinusoidal input, but short when compared 
to the time elapsed as a coin passes through the sensor. This relationship allows the peak detector to react 
quickly to a change in amplitude caused by a cob event The circuit is implemented as a negaUve peak 
detector rather than a positive peak detector because the comparator is more predictable in its abibty to drive 
Ibe signal to grondthan to drivehhigh. Comparators 3126a, b. such as model LT1016CS8. available from 
Linear Technology, provide a high slew rate and maintain sUbility while in the linear region. The analog 
closed-loop peak detector avoids the poteatia] phase error pioblens that filter-stage phase lag and «lynamic 

HL phase shifls might create fcr a sample-and-hold implementation, and eliminates the need ibr a sampling 
dock. 

Tbe negative peak detector output is compared to the DC reference voltage, then scaled and filtered, 
by using an op amp 3 124a. b implemented as a difference amplifier. The difference amp is configured to 
subtract the negative peak from the DC reference and mulUply the difference by a scaling factor. In one 
embodiment, for the low frequency channel, the scaling factor is 4 .02, and the high frequency channel scales 
the output by 5.1 1. The output of the difference amplifier has a lowpass filter on the feedback with a comer 
frequency at approximately 160 Hi bthe depicted embodiment, there is a snubber at the output to filter high 
frequency transients caused by switching in the A/D converter. 

The error volUge measurement, scaling, and filtering circuit 3 128a. b is designed to subtract 3.0 
VDC from the PLL cnor voltage and amplify the resulting difference by a factor of 1 .4. The PLL error voltage 
input signal will be in the 3.0-6.0 VDC range, and in order to maximize the use of the A/D converter's input 
range, the offset voltage is subtracted and the signal is amplified. 
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The input signal is pre-filtered with a lowpass corner frequency of 1 7 4 Hz, and the ou^ut is filtered 
m the feedback loop» with a cut-off frequency 340Hz. A filter at the ou^ut filters hij^ frequency transients 
caused by switching in the AyD converter. 

hi an interface circuit, 2922 data and coatml signals are pulled up and pass through series termination 
resistors. In addition, the data signals DATA-DATA15 are buffered by bi-directional registers. These 
bidirectiona] buffers isolate the A/D converter fit>in direct connection to the data bus and associated 
interconnect cabling. 

The A^ converter 2906 is a single simply* 8-cfaannel, 12*bit sampling converter (such as model 
AD7859AP available from Analc^ Devices). The A^ transactions are directly controlled by the 
microprocessor on the Control PCBA 

Anoverviewcfcontnili»ovidodfrrvarioushaidwarecoinpcmcnt^ lnFig.32, 
the coi^ hardware is generally divided into the ccMn sensor hardware 3204 and the coin transport hardware 
3206. A number of a^)ec<s of hardware 3204, 3206 are controlled via a microcontroller 3202 which may be 
any of a number of microcontrollers. In one embodiment. Model AMI 86ES, available from Advanced Mioo 
Devices, is provided. 

The microcontroller 3202 conununicates with and is, lo some degree^ controlled by, the host 
computer 46. Tlie host computer46 can be any <^ a number of computers. In one embodiment, computer 46 
is a computer employing an Intel 486 or Pentnim^ processor or equivalent The host computer 46 and 
microcontroller 3202 communicate over serial line 3208 via respective serial ports 3212, 3214. The 
microcontroller 3202, in the dq)icted embodiment, has a second serial port 3216 which may be used for 
purposes such as debugging, field service 32 1 8 and the like. 

During normal operation, programmuog and data for the microcontroller are stored in memory v^ch 
may include nonnal random access memory (RAM) 3222, non-volatfle random access memory such as flash 
mmoiy, static memory and the like 3 224, and read-only memoiy 3226 whidi may include programmable 
and/or dectronically erasable progranunable read-only memoiy ^EPROM). In one embodiment, 
microprocessoir finnware can be downloaded from a remote location via the host computer. 

Applications software 3228 fix* controUing operation of the host computer 46 may be stored in, e.g., 
hard disk menKHy, nonvolatile RAM memory and the like. 

Although a number of items are described as being implemented in software, in general it is also 
possible to provide a hardware implemeotatioo such as by using hard wired control logic and/or an application 
specific integrated circuit (ASIC). 

An input/output (I/O) mterface on the microcontroller 3232 faciUtates coomaunication such as bus 
communication, direct I/O, interrupt requests and/or direct memory access (DMA) requests. Since, as 
described more thoroughly below, DMA is used for much of the sensor communications, the coin sensor 
circuitry includes DMA logic circuitry 3234 as well as circuitry for status and control signals 3236. Although, 
in the described embodiment, only a single sensor is provided for coin sensing, it is possible to coniigure an 
operable device having additional sensors 3238. 
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In addition loflKn»tos 2502.2032. sotaioids 2014. 1734. 2306 and sensore 1738. 1754 described 
above mooonection with com tninspoit, ex^ latches, gates and driven of a type that will be undenrtood 
by those of skill in the art. after understanding the present mvenUon. aie provided 3242. 

A method for deriving, from the four sensor signals (Fig. 30) a set of vahies or a "signature- 
indicative of a coin which has passed the sensor, is described in connection with the graphs of Fig. 33 which 
show a hypothetical example of the four signals LFD 3302. LFQ 3304. HFD 3306 and HFQ 3308 during a 
period of time in which a coin passes through the aims of the sensor. Units of Fig. 33 are arbitraiy smce Fig. 
33 is used to illustrate the principles behind this embodiment A baseline value 3312. 33 14. 3316, 3318 is 
associated with each of the sensor signals, representing a value equal to the average or mean value for that 
signal whenno coins are adjacent the sensor. Although, m the depicted embodimeat. the LFDsignal is used 
to defij^.windew of time 3322 during which the minimum values for each of^ 
3306. 3308 wiU be determined and other threshoWssossing tvents, (at least in part because this signal 
typically has the shaipest peak), it would be possftle to use other signals to define any or all of the various 
crossing events, or it may be possible to dcGne the window separatefy for each dgnal. 

In the depicted embodiment, the base line value 3312 associated with the LFD signal 3302 is used 

to define a descent threshold 3324 (equal to the LFD baseline 3312 minus a predefined descent offset 3326. 

and a predefined gap threshold 3328 equal to the LFD baseline 33 1 2 minus a gap oflfect 3332). 
hi one emboc&nent. flie grstem will nmain in an idle kx)p 3402 (Rg. 34) until the 

in a ready sUtus (as described below) 3404. Once the system is in ready status, it is ready to respond to 

passage of a coin past (be sensor. 

Ih the depicted embodiment, the beginning of a coin passage past the sensor is agnaled by the LFD 

signal 3302 becoming less 4212 than the descent threshold 3324 (3406) which, in the embodiment of Fig. 33. 

occurs at timet, 3336. When this event occurs 3338. a mmiber of values are initialized or stored 3408. Hie 

status is set to a value indicating that the window 3322 is open 4214. Both the "peak" time value and the 

"lead- time value are set equal to the dock vahie. Lc. equal to t , 3336. Four variables LFDMIN 3342. 

U=QMIN3344.HFDMIN 3346 and HFQMIN 3348. are used to hold.value indicating the minu^ 
vahies. for each of the signals 3302. 3304. 3306. 3308. thus-fiff achieved during the window 3322 and thus 
are Initialized at the T . vahies fcreach of the variables 3302. 3304. 3306. 3308. In the iUustiation ofFig. 33. 
the nmning minimum values 3342. 3344. 3346. 3348 are depicted as dotted lines, slightiy offset vertical^ 
downward for clarity. 

During the time that (he window is open 3322, the minimum-holding variables LFDMIN, LFQMW, 
HFDMIN and HFQMIN wiU be updated, as needed, to reflect (he minimum value thus-far achieved. In tiie 
depicted embodiment, the four values are updated serially and cyclically, once every clock signal. Updating 
of values can be distributed iq a different fashion if it is desired, for example, to provide greater time resolution 
for some variables than for others. It is believed that, by over sampling specific channels, recognition and 
accuracy can be improved. As the LFD value is being tested and. if neccssaiy. updated, a value for an ascent 
threshold 3336 (which will be used to defme the end of the window 3322. as described below) is calculated 



or updated 3414. The value for the ascent threshold 3336 is calculated or updated as a vahie equal to the 
currcDt value for LFOMEK 3342 phis a predefined ascent hystetesis 3351 

Whenever the IFDMIN value 3342 must be iq)dated (Le., when the value of LFD descends below 
thepreviously-stDred mmmmm vahie 3412X the "pealc^ time value is also updated t^bemg made equal to the 
current clock value. In this way, at the end 4226 of the window 3322. the "pealT variable will hold a value 
indicating the time at which LFD 3302 reached its minimum vahie within the window 3322. 

As a coin passes through the anns of a sensor^ the four signal values 3302, 3304, 3306, 3308 wiU, 
in genera], reach a minimum value and then begin once more to ascend toward ttie baseline value 3312, 3314, 
33 16, 33 1 S. In the depicted embodiment, the window 3322 is declared ""closed^ when the LFD value 3302 
raises to a point that it equals the current value for the ascent value thre^ld 333 6. In the ilhistration of Fig. 
33. this event 3354 occurs at time T3 3356. Ujpoadetectioii 341 8 ofthisevent» the current vahie for the clock 
G.c;,ttie value indicatmgttnieT3) is stored in the ''trail* variabH. Thus, at this pdn^ three times have bcea 
stored in three variables: ''lead* holds a value indicatmg time T Le., the time at which fbt window was 
opened; "peak" holds a value indicating time T2, i.e., the mmimimi value fca- variable LFD 3302; and variable 
•*trair holds a value indicating time T3, i.e., the time when the window 3322 was dosed. 

The other portiai of the signature for the coin v^ch was just detected (in axldition to the three time 
variables) are values indicating the minimtim achieved, within the wbdow 3332, for each of the variables 
3302, 3304, 3306, 3308. These values are calculated 3422 by subtracting the wirnimmii^ values at time T3 
3342,3344, 3346, 3348 from the respective baseline vahies 3312. 3314, 3316, 3318 to yield finir difference 
or delta vahies, ALFD 3362, MPQ 3364, MWD 3366 and AHFQ 3368. Providing ou^ut iidiich is relative 
to the baseline value for each ^gnal is usefid in avoiding sensitivi^ to teinperature chm 

Although, at time t y 3356, all the values required for the coin signature have been obtained, in the 
depicted embodiment, the system is not yet placed in a "ready** state. This is because it is desired to assure 
ttiat dbere is at least a nunimum gap between the com which was jiist detected^ It is also 

desirable to maintain at least a mmimimi distance or gap from any preceding coin. In general, it Is believed 
lisefol to provide at least souk spacing between coins for accurate sensor reading, since coins vriiidi are 
louciung can rtsub in eddy current passing between coiiis. Maintaiiiing a minimum gap as coins move toward 
the door 62 is useful mmiddng sure that door 62 will strike the coin at Strikmg 
too soon or too late may result m deflecting an accepted coin otho^ than into the acceptance bin, degrading 
^stem accuracy. 

Information gathered by the sensor 58 may also be used In connection with assuring the existence of 
a prefened minimum gap between coins. In this way, if coins arc too closely spaced, one or more coins wbith 
might otherwise be an accepted coin, will not be deflected (and will not be "counted" as an accepted coin). 
Similarly, in one embodiment, a coin having an acceleration less than a threshold (such as less than half a 
maximum acceleration) will not be accepted 

Accordingly, in order to assure an adequate leading gap, the system is not placed in a "ready" state 
until the LFD signal 3302 has reached a value equal to the gap direshold 3328. After the system verifies 3424 
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thai this event 3372 has occuned, the status is set equal to "read/* 3 326 and the system letums to an idle state 
3401 to await passage of the next coin. 

To provide for a minimum prefcnedtr^^ in one embodiment, the software monitors the UD 
signal 3302 fix a shc»t time after the ascending hysteresis aitericm has been satisfied 4236. ff the signal has 
moved sufficient^ back towards the baseline 3312 (measured either with respect to the baseline or with 
respect to &e peak) after a predetennined time period, then an adequate trailing gap exists and the door, if the 
coin is an accepted coin. wiU be actuated 4244. If the trailing gap is not achieved, (he actuation pulse is 
canceled 4244, and nonnaOy the coin wifl be rcturacd to the user. In all cases, software thresholds are 
preferably caHbrated using the smallest coins (e.g., a U.S. dime in the case of a U.S. coin mbc). 

Because the oocuntoc* of events such as the crossing of thresholds 3338, 3354, 3372 are onfy tested 
aldiscrete timemten^34na, 341 lb,34l Ic, 341 Id, in n»st cases t^ 

time after it has cocuned For example, it may happen that, with regard to the ascentH^rossing event 3354. the 
previous event-test at time T4 3 374 occurs before the crossing event 3 354 and the next event-test occurs at 
time T5. a period of time 3378 after the crossing event 3354. Accordingly, in one embodiment, once a test 
detmnines that a crossing event has occurred, interpolation such as linear mterpolation, ^line-fit mteipolation 
or the like, is used to provide a more accurate estimate of the actual time of the cvent3354. 

As noted above, by time t , 3356, aU the values required for the coin signature have been obtained 
Also, by time t „ the information which can be used for calculating the time at which the door 62 should be 
activated (assuming the coin is identified as an accepted coin) is available. Because the distance from the 
sensor to the door is constant and known, the amount of time required for a coin to travel to the preferred 
position with respect to the door can be calculated exactly if the acceleration of the coin along the rail is 
known(and constant) and a velocity, such as the vcloci^ at the sensor is known. According to one method, 
acceleration is calculated by comparing the velodly of die coin as it moves past the sensor 58 with the velocity 
of the coin as it passes over the -knee** in the transition region 2 1 2 1 C. In one embodiment, the initial 'Tcnce" 
vdaaty is assumed to be a single value for aU coins, in one case, 0.5 meters/second Knowing the vcloci^ at 
twokxatioos (theknec 2121C and the sensor location 58) and knovs^g the distance from the knee 2121C to 
file sensor location 58, the acceleration experienced by the coin can be calculated Based on this calculated 
acceleration, it is then possible to calculate how long it will be. continuing at that acceleraUon, before the coin 
is positioned at the preferred location over the actuator. This :grslem esscnttaUy operates on a principle of 
assuming an initial velocity and using measurements of the sensor to ultimately calculate how fricUon (or other 
factors such as surface tension) affects the acceleration bcbg experienced by each coia Another approach 
might be used in which an effective friction was assumed as a constant value and the daU gathered at the sensor 
was used to calculate the initial C'knee'*) velocity. 

In any case, the calculation of the time when the coin will rtBch the preferred posiUon can be expected 
to have some amount of error (i.e., difference between calculated posiUon and actual position at the door 
activation lime). The error can arise from a number of factors including departures from the assumption 
regarding the knee velocity, non-constant values for friction along the rail, and the like. In one embodiment 
It has been found that, using the described procedure, and for the depicted and described design, the worst -case 
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enor oocun with the smallest coin (e.g., amount 17.5 mm in diameter) and amounts to approximately 6 mm 
in either directicn. It is believed that, in at least some environments, an error window of 6 mm is tolerable 0.c, 
results in a relatively low rate of misdirecting corns or other objects). 

In order to inclement this procedure, data obtained at the sensor 58 is used to calculate a velocity. 
According to one scheme, timet, 3336 is takra as the time when the coin first enters the sensor and ti^ 
(tfje **pcair time) is taken as the time when the coin is centered on the sensor, and thus has traveled a distance 
anwDximaldyequaltoscoinracfius. Because, once the coin has been recognized (e.g as described below m 
ooonectioQ with Figs. 36 and 37), the radius of the coin is known (eg. using a look-^> table), it is possible to 
calculate velocity as radius divided by the difiorence (t ^-t |). 

TfaepioceduieillusfratBdtttFig3i33 and34 is an example of one embodiment of a deta^tion process 
35Q1 As seen in Fig. 35, a number of processes, in additioo to dctecti<»,d^ 
time data is obtained by the sensor 58 and the time a coin reaches the door 62^ 

oooadered as being dther recognition processes 3504 relating to identifying and locating objects viiticfa pass 
the sensor, and (fi^x)sition processes 3506, relating to sending coins to desired destinations. Once the 
detection process has examined the stream of sensor readings and has generated signatures ctnreqxmding to 
the coin (or other object) passing the sensor, the signatures are passed 4228 to a categorization process 3508. 
This process examines the signatures received from the detecticHi process 3502 and detennincs, if possible, 
what coin or object has passed the sensor. Referring to Fig. 32, the recognition and di^)osition processes 
3504, 3506 are preferabty peiforaicd by ttie microcontroller 3202. 

Fig 36 provides an ilhidrationcfoDecndxidimentc^ a categorization As shown in Fig. 36, 

in one coOwdimenl a calibratkm nxrfe may be provided in which a plur^ 

in the machine and these coins are used to define maximum and mmimiirty LED. LFQ, HFD and HFQ values 
for that particular categoiy or denomination of coia In <me embodiment, timing parameters are also 
established and stwed during the calibration process. According to the embodiment of Fig. 36, if the system 
is undergoing calibration 3602, the system does not attempt to recognize or categorize the coins and, by 
convention, the coins used for calibration are categorized as "unrecognized^ 3604. 

As illustrated in Fig. 37, in one embodiment, a coin signature 3702 is used to categorize an object 
by peiforming a oonq>arisQn for each <tf a number of diffeivnt potential categories, starting with the first 
category 3606 and stepping to each next category 3608 until a match is found 3612 or all categories are 
exhausted 3614 without finding a match 3616, m which case the coin is categorized 4220 as unrecognized 
3604. During each test for a match 3618, each of the four signal peaks 3362, 3364. 3366, 3368 is compared, 
(successively for each category 3704a, 3704b, 3704n) with minimum and maximum (**floor" arid "ceiling^ 
values defining a "window" for each signature component 37 1 2a, 37 1 2b, 37 1 4a, b, 37 1 6a, b, 37 1 8a, b. A 
match is declared 3612 for a given categoiy onfy if all four components of the signature 3362. 3364, 3366, and 
3368 fall within the correspondmg window for a particular category 3704a, b, c, n. 

In the embodiment of Fig. 36, the system may be configured to end the categorization process 3622 
whenever the first catcgay 3624 resulting in a match has been found, or to continue 3626 until all n categories 
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havebecatested In Mnnal operation, the fin* mocfc 3624 wffltypical^^ It is bcUeved the latter mode 

wiU be usclW principally for itseanA aid dcvetefmjent puip(^ 

The results of the categorization 3508 are stored in a categoiy buffer 3512 and are provided to the 
rclegator process 3514. The diflferaioe between categorization and relegation lelatcs, in part, to the difference 
between a coin categoiy and a coin denomination. Not aU coins of a given denonunaam wiD have sinular 
stnicture. and thus two coins of the same dcnominaUon may have substantially different signatures. For 
example pennies minted before 1982 have a structure (copper core) substantially different fiom that of pennies 
minted «fler that date (zinc core). Some previous devices have attempted to define a coin discrimination based 
on coin denomination, vAnA would thus require a device «4iich recognizes two physicalty different types of 
penny as a single category. 

According to one embodiment, coins or other objects arc discrimmat«^ 
of deaominalion but on the basb of coin categories Cm which a single denominatioa may have two or more 
categories). Thus, according to one embodiment, pemriesmiitod before 1982 and penmes minted after 
befcog to two different coin categories 3704. This use of categories, based on physical characteristics of coins 
(or other objects), rather than attempting to ddine on the basis of denominations, is advantageous since it is 
believed that this approach leads to better discrimination accuracy. In particular, by defining separate 
categories e.g. forpre.1982 and post- 1982 pennies, it becomes easier to discriminate aU pennies from other 
objects, whereas if an attempt was made to define a single category embracing both types of p«^ 
bdieved fliat the reception windows or thredK>ld5 would have to be so broadly defined that fl^ 
a substantial risk of mis-discrimination. By providmg a system in which coin categories rather than coin 
denominations are recognized, coin destinaticms may be easily configured and changed. 

Furthermore, in addiuon to improving discrimination accuracy, the present invention provides an 
opportuniQr to count coins and sort coins or other objects on a basis other than denomination. For example, 
if desired, the device could be configured toplace "real siWer" coins in a separate coin b 
operator can benefit fiom their potentially greater value. 

Once a rdegator process 3514 receives Informadon fiom a cate^ buffer regarding ttie category 
of a coin (or other object), the relegator outputs a destination indicator, oofi«sponding to that coin, to a 
destination buffer 3516. The daU fiom the destination buffer is provided to a director process 3518 whose 
function is to provide appropriate control signals at the appropriate time in cider to send the coin to a desired 
destination, e.g. to provide signals causing the deflector door to activate at the proper time if the coin is 
destined for an acceptance bin. In the embodiment of Fig. 25, the director procedure outputs infoimaaon 
regarding the action to be taken and the time when it is to be taken to a control schedule process 3522 which 
generates a control bit image 3524 provided to microprocessor output ports 3526 for ttansmission to the coin 
trau^ort hardware 3206. 

In one embodiment, the solenoid is controlled in such a manner as to not only control the time at 
which the door is activated 4234. 4244 but also the amount offeree to be used (such as the strength and/« 
duration of the solenoid activation Volts). Inooe embodiment, the amount offeree is varied depending on the 
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mass of the coin, which can be detenninedL e.g.» fixnn a look*!^ table, based oa recogoitioQ of the coin 
categoiy. 

Preferably, tofcnmation from the destinatioa bujQfer 35 16 is also provided to a counter 3528 which 
rcAains a tally of at least the number of coins of each denomination sent to (he coin bins. If desired, a number 
of counters can be provided so that the s^tem can keep track not only of each coin denomination, but of each 
coin category and/or, ^vfasch coin bin the coin was destined for. 

In general, the ibw of datadq)icted inHg. 35 rqxeseots a narrowing bandvndth m which a rdativefy 
large amount <^data is provided firom the AAD converter v4u(h 

aniountofdata (as the coin signature), ultimately resdting in a single counter i^^ Accordingto 
one embodiment of the present invention, the system is configured to use the most r^id and efficient means 
of infofmalicHi transfer fin* those tnfoimaticii or signal paths v^chhave the greatest volume or bandwidth 
requirements. Accordingly, m one embodiment, a direct mdoory access (DMA) procedure is used in 
ooonecdoD widi transferring sensor data from the converter 2906 to the noicro^ 

As depicted in Fig. 3S, a two<hannd DMA controller (providing channels DMAO and DMA!) is 
used 3802. In the dq>icted embodiment, one of the DMA channels is used for uploading the program fixm 
one of the serial ports to memory. After this operation is completed, both DMA chamiels are used in 
implementing the DMA transfer. DMAO is used to write controller daU 3804 to the A-to-D converter 2906, 
via a control register image bufibr 3806. Ihis operation selects the analog channel for the next read, starts the 
conver^on and sets up the next read for the A*to-D converter ou^nit data register. DMAl then reads the 
ou^ data register 3 808. DMAO will then write to the controller register 3 806 and DMA 1 will read the next 
analog channel and so forth. 

In the preferred embodiment, the DMA interface does not limit the abihty of the software to 
independently read or write to the A4(vD converter It is possible, however, that writing to the ccmtrol register 
of die A-lo-D converter in the middle of a DMA transfer may cause the wrong channel to be read. 

Preferably the DMA process takes advantage of the DMA channels to confi gure a multiple word tabl e 
in menxxy with the desired A-to-D controller register data. Preferabfy the table length (number of words in 
the table) is configurable, permitting a balance to be struck between reducing microcontroller overhead (by 
using a longer tableX and reducing meniory requirements (by using a shorter tabte^^ The DMA process sets 
up DMAO for writing these words to a fixed I/O address. Next»DMAI is set up for readmg the same number 
of words fiom the same I/O address to a data buffer in memory. DMAl is preferably set up to interrupt the 
processor when all words have been read 38 12. Preferably hardware DMA decoder logic controls the timing 
between DMAO and DMAl . 

Fig. 39 dqjicts timing for DMA transfer aooording to an embodiment of the present invention. In this 
embodiment, a PIO pin will be used to enable or disable the timer output 3 902. If the timer enable signal 3904 
is low, the hardware will block the timer output 3902 and conversions can only be started by setting the start 
conversion bit in the conU-oI register of the A-to-D converter 3906. If the timer enable signal 3904 is high, 
the A/D conversions start at the rising edge of the timer output 3902, and write cycles will be allowed only 
after the following edge of the timer output 3902 with read cycles only being allowed after the busy signal 3912 
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goes lovr while the timer output signal 3902 is high. The described design provides great flcxibUity with 
relatively small overhead. There is a single interrupt (DMA intemqjt) event once the buffer is filled with data 
.from the A-to-D converter are read and put into memory. Preferably, software can be configured to change 
the DMA configuration to read any or all analog channels, do multiple reads in some channels, read the 
channels in any order and the like. Preferably, the A-to-D converter is dirwtiy linked to the microprocessor 
bya 16.bit data bus. The nucrtyrocessor is able to read or write to the A-to-D converter bus intcrf^ 
as a siqgk input or output instniction to a fixed I/O addh»s. Data flow between the A-to-D converter and the 
oictoprooesscr is controUed by the busy 3912. chip select, read 3914 and write 3908 signals. A eonvmion 
dock 3902 and clock enable 3904 signals provide control and flexibiUly over the A-to-D conversion rale. 

Another embodiment of a gapped tonoid sensor, and its use. is depicted in Kgs 2A through 16B. 
As depicted in Fig 2A, a sensor. 212 includes a core 214 having a generally curved shape and definmg a gap 
216. having a first width 21 8. In the depicted embodiment, the £urved core is a torroidal section. Although 
"tanadar inchides a kxus defined by rotating a circle about a non-intexsecting coplanar line, as used herein. 
thetenn'Wdar genendfymeansashapewKchisairvedor otherwise non-li^ Examples include a ring 
shape, a U shape, a V shape or a polygon In the depicted embodiment both the nuyor cross section (of the 
abapeasawhote)andtheminorao8ssection(ofthegeneratingfoiin)haveacircularsha^ However.olher 
major and minor cross-sectional shapes can be used, inchiding eUiptical or oval shapes, partial ellipses, ovals 
or circles (such as a semi-circular shape), polygonal shapes (such as a regular or irregular hexagon/octagon, 
etc.). and the like. 

The core 214 may be made fi^om a number of materials provided that the material is capable of 
providing a substantial magnetic field in the gap 216. to one embodiment, the core 214 consists of. or 
includes, a ferrite material, sudi as formed by fiisingfexric oxide with another material sudi as a carbonate 
hydroxide or alkdine metal dJoride. a ceramic forile. and the like. IT the core is driven by an alternating 
current, the material chosen for the core of the inductor, should be normal-loss or low-loss at the fiequency 
of osciUaUon sudi that the "noKJoin" Q of the LC ciicuit is substantially higher than the Q of the LC ciiciia 
with a coin adjacent the sensor. TOs ratio determines, m part, the signal-to-noise ratio for the coin's 
conductivity measurement The lower the losses in the core and the winding, the greater the change in eddy 
current losses, when the coin is placed in or passes by the gap, and thus the greater the sensitivity of the device. 
In the depicted embodiment, a conducUve wire 220 is wound about a portion of the core 2 1 4 so as to form an 
inductive device. Although Fig. 2A depicts a single coil, in some embodiments, two or more coils may be 
used. e.g. as described bdow. b the depicted embodiment, the com or other object to be discriminated is 
posiUooed in the vicimty of the gap (in the depicted embodiment, within the gap 2 1 6). Thus, in the depicted 
embodiment the gap width 2 1 8 is somewhat larger than the thickness 222 of the thickest coin to be sensed 
by the sensor 2 1 2, to allow for mis-aUgnment, movement, defomiily. or dirtiness of the com. Preferably, the 
gap 216 is as small as possible, consistent with practical passage of the coin. In one embodiment, the gap is 



about 4 mm. 



Fig. 2B depicts a sensor 212'. positioned with respect to a coin conveying roil 232. such that, as the 
coin 224 moves down the rail 234. the rail guides the coin 214 through the gap 216 of the sensor 212'. 
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Although Fig. 2B depicts the coin 214 trBveling to a vertical (on-edge) <wienUtion. the device could be 
configured so that the coin 224 travels in other orientations, such as in a lateral (horizontal) configuration or 
angles therebetween. One of the advantages of the present invention is the ability to increase ^>eed of coin 
movement (and thus throughput) since coin discrimination can be performed rapidly. This feature is 
particularly important in the present invention since coins v^hich move very rapidly down a coin rail have a 
tendency to "fl/* or move partially and/or momentarily away from the rail. The present invention can be 
coofiguredsudi that the sensor is relatively inseoative to such departures from the expected a* nominal coin 
position. Thus; the present inveotioQ contributes to the abifity to aduever^id coin movemen 
provifittg lipid coin discriminalioo but ittseosft Although Fig. 2Bdq>icts a configuration 

k wfakh the cob 224 moves down fte ndl 232 m response to 

uopoweredorpowered means such as a conveyor belt Ahhougji passage ofthe coin thiougjhOe gap 216 is 
depictedt in another embodiment the coin passes across, but not tfirough the (e.g. as depicted with regard 
to the embodiment of Fig. 4). 

Fig. 3 dqiicts a second configuration of a sensor, in which the gap 316, rather than being fomied by 
opposed faces 242a, 242b, of the core 214 is, instead, formed between opposed edges of spaced-apart plates 
(or '^ole pieces") 344a, 344b, v/bidi are coupled to the core 314. In this conOguration, the core 3 1 4 is a half- 
tonis. The plates 344a» 344b, may be coipled to a ttvroid in a number of fashions, such as by usbg an 
adbesm,OCTMait or glue, a pressfit, spot welding or brazing, riveting, Aldioogbthe 
embodiment dqncted io Fig. 3 ^ws the plates 344a, 344b attached to the tozroid 3 1 4, it is also pos^lc for 
the plates and tonoid to be fomied integrally. As seen in Fig. 4, the plates 344a, 344b, may have half-oval 
shapes, but a number of other diapes are possible^ including semi-circular, square, rectangular, polygonal, and 
the like. In the embodiment of Figs. 3 and 4, the fieid-c<»icentrating eiSect of ierrite can be used to produce 
a voy l ocaHye d field for interaction with a coin, thus reducing or eluninating the effect of a touching neighbcM- 
coin. Theembo(£ment ofFigs. 3 and 4 can also be configured to be relatively insensitive to theeflTects c^coin 
**llyiag^ and thus contribute to the ability to provide rapid coin movement and increase coin throughput 
Al&GU^ the pemntageofthe magnetic field which is affected try the presence of a coin will typically be less 
in the configuration ofFigs. 3 and 4, than in the configuration of Fig. 2, satisfactory results can be obuined if 
the field dianges are sufiQciently large to yidd a consistently high signal-to-noise indication of coin parameters. 
Preferably the gap 3 16 is sufficioitly small to produce the desired magnetic field intensity in or adjacent to the 
coin, in order to expose the coin to an intense field as it passes by and/or through the gap 316. In the 
embodiment of Fig. 4, the length of the gap 402 is large enough so that coins with different diameters cover 
different proportions of the gap. 

The embodiment of Fig. 3 and 4 is believed to be particularly useiul in situations in which it is difficxilt 
or impossible to provide access to both faces of a coin at the same time. For example, if the coin is being 
oonv^ed on one of its faces rather than on an edge (eg., being conveyed on a conveyor belt or a vacuum belt). 
Furthermore, in the embodiment ofFigs. 3 and 4, the gap 316 does not need to be wide enough to 
accommodate the thickness of the coin and can be made quite narrow such that the magnetic field to which the 
coin is exposed is also relatively narrow. This configuration can be useful in avoiding an adjacent or 
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"touching c«b situaUoa since, even if coins arc touching, the magnetic field to which the coins a« exposed 

wdlbctoo™«rc«vtosubsUadaDyinfh«Keu»„tt^ 

the sensor). 

When « electricd poteatid or voltage is applied to the coU 220. a magnetic field is created b the 
vicuuty of the gap 216. 316 O-e. coated in and near the gap 216.316). TTe i„ter«,Uon of the coin or other 
object with such a magaedc fidd (or 1«* thereoOyieldsdaU wbichprovid^ 
ofthecom or Direct which can bc«sedfordi«riminati<».e.g.«.de^^ 

In one embodiment, cumat in thefimof.variable or rften«rtiDgc«^^ 
cod 220. Although U« fonn of the cunent may be substantiaUy sinuso^ 
>->cfcde«yv«iable(noo<ccstant)wavefom,including 

s«hasv«««fomswhich.a«d«.sum or two or more sinusoidal waves. Because of ft^ 
«scr.«Klthepo«tiooaI«lationshipofthecoin^ 

mag«*cfie,d.Mrhichcanbesignificaatlyairectedbythep,es«^ 11^ sensor can be used to 

detect these changcsbtheelect^magn^ 

« way as to ptovide data indicative of a, least two different p«aine.« of ^ 

embodiment, a parameter such as the size or di^neter <rf the coin « oyect is indica^ 

mductance. due to the passage of the coin, and the conductivity of the coin or object is(inversety 
the energy loss (which may be indicated by the quality factor or "Q.") 

Figs. 15Aandl5B depict an embodim«t which providesacapabilityforcapacitive Sevang eg for 
detertngorcompensatiagforcoinreliefand/or flying, to the embodiment of Figs. ISAand 15B.acoin224 
•sccostnunedtom^^dongasubstaatiallylinearcoi^ 

nul 1504. At least.portion of the coinpathi*adj««nt.two-layerstn«ture having an u^^ 
s«bstant.allynco^ec.ricalIyccoduc.ing 1506sudi.sfib«gl^ 

conducuve such as copper. The two-layer structu.e 1506. 1508 c«. be coavedently provided by oniinanr 
c«au. board material 1 509 such as 1/23 inch thick cin»i, board material with the fiberglass side cootactiDg 
thecom asdepicted. In the depicted embodiment, a rectangular window is fonned in a« copper cUdding or 
laya l508toaccoaimodaterectangularferriteplates 1512a. 1512b which a,e coupled to faces 1514a. 1514b 
of the femtetomrid core 1516. Aconductive structure such asacopper plate or shield 1518is^^^^ 
--bin the gap 1520 fonned between the ferxiteplatcs 1512a. 1512b. TlK. shield is uselu^ 
fluxmter,c.ingwi.hthecoin. Without wishing to be bound by any theory, it is beUevcd that such, shield 1518 
has the effect of forcing the flux to go around the shield and therefore to bulge out more into the coin path in 

the v,cm,,y of the gap 1520 which is beKevedtoprovide men. flux interacting with the coin than without th^ 
sbeldCforabettersignal-to-noiseraUo). Theshield 1518 can also be used as one side of a capacitive sensor 
with the other side being the copper backing/ground plane 1508 of the circuit board structure 1509 
CapaciUve changes sensed between the shield 1 5 1 8 «,d the ground plane 1 508 are believed to be related to 
the relief of the coin adjacent the gap 1520 and the distance to the coin. 

In the embodiment of Fig. 5. the output of signal 5 1 2 is related to change in inductance, and thus 
to coin diameter which is termed "D." The configuration of Fig. 6 resulu in the output of a signal 612 which 
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is related to Q and thus to conductivity, tcnned, in Fig. 6, «Q." Although the D signal is not purely 
proportional to diameter (bcbg at least somewhat influenced by the value of Q) and Q is not strictly and 
linearly proportional to conductance (being somewhat influenced by cob diameter) there is a sufiBcient 
relationship between signal D 512 and coin diameter and between signal Q 612 and conductance that these 
signals, when properly analyzed, can serve as a basis for coin discrimination. Without wishing to be bound 
by any thcoiy, it is believed that the interaction between Q and D is substantially predictable and is 
substantially linear over the range of interest for a coin-counting device. 

Many methods and/or devices can be used for analyzing the signals 512, 612, including visual 
inspection of an osciUoscope trace or graph (e.g. as shown in Fig. 9), automatic analysis using a digital or 
analog circuit and/or a computing device such as a microprocessQr-based computer and/br usmg a digital 
sigoal processcr PSP). When it is desired to use a computer, U is usefiil to provide m gnals 5 1 2 and 6 1 2 (or 
modify those signals) so as to have a voltage range and/or otiber parameters compatible with iiq>ut to a 
computer. In one embodiment, signals 512 and 612 wiU be vohage signals normaUy lying within the range 
0 to +5 volts. 

In some cases, it is desired to sq)arately obtain informatics about coin parameters fa- the interior or 
core portion of the coin and tiie exterior or skin portion, particularly in cases vrfiere some or all of the coins 
to be dismm i n atw l may be daddeci plated or coated corns. For example, in some cases it may be that the most 
efficient and reliable way to disaimi&ale between two tjrpes of coins is to d^ermine the presence or absence 
of cbdcfing or plating, or compare a skin or core parameter with a corresponding skin or core parameter a[ a 
knowncoin. In one embodiment, different frequencies ai« iised to pr^ 
thecoin. This rneflwd is effective because, in tenns of the interaction between a com 
fiequency rfa variable magnetic field defines a "skin depth,* which is the effective depth of the portion of the 
coin or other object which interacts with the variable magneUc field Thus, in this embodiment, a first 
fiequency is provided which is relati vcfy low to provide for a larger skin depth, and thus interaction with the 
core of the coined- other object, and a second, higher firequency is provided, high enough to result in a skin 
depth substantially less than the thickness of the coin. In this way. rathw than a single sensor providing two 
parameterize sensor is able to provide four parameters: core conductivity; cladding or coating conductivity; 
core diameter, and dadding or coating diameter (although it is anticipated that, in many instances, the core and 
cladding diameters will be similar). Preferably, the low-frequency skin depth is greater than the thickness of 
the plating or lamination, and the high frequency skin depth is less than, or about equal to, the plating or 
lamination thickness (or the range of lamination depths, for the anticipated coin population). Thus the 
fiequency which is chosen depends on the characteristics of the coins or other objects expected to be input 
In one embodiment, the low frequency is between about 50 KHz and about 500 KHz. preferably about 200 
KHz and the high frequency is between about 0.5 MHZ and about 10 MHZ, preferably about 2 MHZ. 

hi some situations, it may be necessary to provide a first driving signal frequency component in order to 
achieve a second, dificrent frcqueoqr sensor signal component In particular, it is found that if the sensor 2 1 2 
(Fig 2) is first driven at the high frequency using high frequency coil 242 and then the low frequency signal 
220 b added, adding the low frequency signal will affect the firequency of the high frequency signal 242. Thus, 
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the Ugb frequency driving signaJ may need to be adjusted to drive at a nominal frequency which is different 

6om the desired frequency rfihe sensor sucA that wlra 

fa perturbed into the desired value by the addition <^ the tow frequency. 

lMbihq>leftequeodescanbei)nmdedinanin^ In(meeiitbodiniait,asmgtoconltnuottswav^ 
fonii702(Fi& 7). whi<A Is the sum of two (or more) sinusoidal or periodic wttvefonm 
fiequeodcs 704. 706. is provided to the sensor. As depicted in Kg. 2C. a sensor 214 is pttbrMf configuiiid 
with two different coils to be driven at two different frequencies. It is believed that, genoally; thepresenoe 
Ufa second cofl can undesirably affect the inductance of the first coil, at the frequency of operation of the first 
ooiL GeaexBlIy. the number of tarns of the first coU may be correq)ondingly adjusted so that the first coil has 
«» desired inductance. In the embodiment of Fig. 2C. the sensor core 214 is wound in a lower portion with 
a first cofl 220 for driving with a tow frequency signal 706 and is wound in a second region by a second coil 
242 for driving at a Ugher fiequency 704. b the depicted emCodtment. the high frequency coU 742 has a 
smallernunAcrcrftunns and uses a hffger gauge wire than the first coil 22^^ In the depicted cmbodiinent. the 
high fi^iueagr coU 242 is spaced 242a. 242b from the first coil 220 and is positioned 
Providmg sooie separation 242a. 242b is believed to help reduce the efifcct one cofl has on the inductance of 
fljc other and may somewhat reduce direct coupling between the low frequcnqr and high fiequenqr signals. 

As can be seen from Fig. 7, the phase relationship of the high frequency signal 704 and low frequency 
signal 706 wfll affect the particular shape of the conq>osiie wave form 702. Signals 702 and 704 represent 
voltage at the terminals of the high and low frequency coUs, 220. 242. If the phase relationship is not 
controlled, or at least known, output sipwls indicating, fcr example. ampHtude andfar Q in the oscfllator circuit 
astbeooinpassesthesensornuy be such that it fa diflBcuh to determine howmudirfthe^^ 
or Q of the signal results from the passage of the coin and how nmdi fa atlributd>te to the phase idalton^ 
of the two signals 704 and 706 in the particular cycle being analyzed Acooidingly. in one embodiment, the 
phases of the low and high signals 704. 706 are controUed such that sampling points along the composite 
signal 702 (described below) are taken at the same phase for both the low and hi^ signals 704, 706. A 
number of vragfis of assuring the desired phase relationship can be used mcluding generating both signals 704. 
706fromaooaimni n^mnce source (such as a crystal osciUator) and/or using a phase locked loop (PLL) to 
control the phase relationship «f the signab 704. 706. By using a phase tocked loop, the wave shape of the 
compodle signal 702 wiU be the sainc during ary cyde (i.e.. during aiy tow fi«|uency 
change only very stowly and thus it fa possibte to determine the sampling points (described betow) based on, 
e.g.. a pre-defined position or phase within the Qow frequency) cycle rather than based on detecting 
characteristics of the wave form 702. 

Figs. 8A - 8D depict circuitry which can be used for driving the sensor of Fig. 2C and obtaining signals 
useful in coin discrimination. The low frequency and high frequency coils 220, 242. form portions of a low 
frequency and high frequency phase locked loop, respectively 802a, 802b. Details of the clock circuits 808 
are dK>wn in Fig. 8D. The details of the high frequency phase locked loop are depicted in Fig. 8B and, the low 
fiequency phase lodoxl teop 802a may be identical to that shown in Fig. 8B except that some components may 
be provided with different vatoes. e.g. as discussed below. The output from the phase locked loop is provided 
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to filters, 804, shown in greater detail in Fig. 8C. The remainder of the components of Fig. 8A are generally 
directed to providing reference and/or sampling pulses or signals for purposes described more fiilly below. 

The ciyslal osdHalcr circmt 806 (Fig. 8D) provides a 
oounfer8lOsuchas8jQbQsoo"divkfebylO*(X3i]^ The ootrnter outputs a hi^ficquctt^yrefera^ signal 81^ 
S VBriousou^putsQ0-Q9 define 10 dfl^erait phase pod hilhedepictBd 

ffnbodhwtit, two cfthese phase positioo pulses 816a»8!6b are 
8iD2bfcrpiq)oses desc ri bed bcfaw. AseoGod counter 810^ receives its dock input firm the idb 
cu^puls a kfwfivquency refeitaoe agnal 812* and fi^ 
are used in a &^hioa analogous to the use of fte high fiequency pulses 8 
10 Tbefaij^fiiequeacypbaseloc^ bop circuit 802b, depi^ 

core o8aDator822FnnidesadnviDgsigoal£r the fa^ The positive and negative peak samplers 

824 sample peak and trou^ voltages c^tfie coil 242 which are provided to an o 

hig^fiiequencyQou^ut signal 612. Thehi^fipequeocyrBfereDoeagDal812isooDvertedtoatrianglewavebya 

(nang)ewavegBDerafior828. Tbe triaogte wave is used, inaiadikio&cussedbckw,^ 
15 832firpcDvk&iganii]puttoadiffereocea^ 

osciUator 822 (to maintain the fitxpienc7 and p^ 

frequency D output signal 512. 

Lo\¥fiequencyphasek)ckedk»p circuit 802a is similar to that ^ 8B except for the value cf 

oertamooDipQaentsv^ucharedifiBirentincnlertopfxm In ^hi^ frequency 

20 circuit of Fig. 8B, an inductor 836 and capacitor 838 are provided to filter out low frequency, eg. to avoid duty 

frK]uenc7C7dmglhecoa^aFatQr842(whicfahasaIowfiequen^ This is useful to avoid driving low 

fre<p]eQcyaDdfa^frequcncyind)esaroeosciIIator822. As seen in Fig. 8B,fhe inductor and cq>adtor have values; 

respec(h^,of82mk3i3beisys8nd82pico&radsL The cofrespoD(ibgcoaq)ciienU in the knv frequency ctncmit802A 

hacveindhies;req|)ecdvely»<^oi»microbeniy In 
25 hig)ifrBquecEytnan^wsvegenerHtor,c;>adtor844is^^^ 

cooqxjDent in the low fiequency circuit 802a has a vahiecf 0.001 micrcjarads. 
Considering the drcmt (^ig. 8B in somewhat greater detail, it is 

sucfa a fednon that the frequency remains substantially constant, dcy 

asinqraiisefiompassa9$Qfaooinpasttbesensor). In order to achieve this goal, the osciUator 822 is provided with 
30 a voltage controUablecapadtor (or varactor diode) 844 such ^ as the inductance of 

cqpacitaxioe of &e varador diode 844 is adyusted, using tfie enor si 

resonant frequency substantially constant b the configuration ofFig. 8B, the cq>adtaDce determining the resonant 
frequency is a fimction of both tibevaractcx- diode capadtanccan^ Preferably, 
capacitor 846 and varactor diode 844 are selected so that the control voltage 512 can use the greater part of the 
35 dynamic range rfthe varactor diode and yd the c«itrol voltage 512 remains in a preferred range such as 0-5 volts 

(useful icroutputting directly to a cornputer). Op amp 852 is a zero gain buffer amplifier (impedance isolator) whose 
output provides one input to comparator 842 which acts as a hard limiter and has relatively high gain The hard- 
limited (square wave) output of comparator 842 is provided, across a hi^ value resistor 844 to drive the coil 242. 
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Tliehi8hvalueoflten«stance844fase^ 

llas«asicr«rfthusttensultingvollageontte lnsunana,y.asn«wave««cillatic« 
ialbeIX:eii«ftisooin«rtcdto a («Btart 
of the oscillrtions m flie LC drcuft are dii^ 

Inodertoobtamanieasareaflbe ampBludeofflK 
andatraugfaof«hesignaL fc«hc«atf«lin«rtofFift8B. toa«iseooodswilcte 

thevoJtagevalueattimesdetoninedbyttelrighfiequ^ In one enAodin«l. the timing i, 

detoninrfmviricalVbysefc^ Asse«iDKg.8A.the(aiviricaIlr 
«fcct«Ooulpubus«lfcrttehi«hfi«qae«yc^ 

eg,becaB«rfdiffiringdekysmlhetw»circuH3aiKlfl^ Switehes 854 and capacitor, 855 fcna a saoipleaiid 
lioldcii«it*rsanvlii«peAandl«»*v^ 

output 612 is thus p«vortionaI to the anvlitude of ^ 

Ii«qxitioodtoQ(andllwrialedtDC(«K^^ Because thephase locked loops Ibtthelowandhigh 

islb«4andanyi,totoaK=ebelw«mlhetwofi^^ 

vdU stay the same Ihm cycle to cycle, and the conmw 
differential amplifier 856. 

Id addition to providtng an output 612 v*jch is iBlalfid 
I»0videsanoutput5l2relatedtoeoindiainete. In the einbodimarton^i^SB. the hghficque«y diameter signal 
HFD 5 1 2 is a signal which Mcates the magnitude of the cai^ 

oorttctforchangesiDin4ictaoccof«heooa242asthecoiDpassesto 7 iDustnte signals Mtichptay 

aiolemdetennimngwhetbercafiectiontotheva^ Ifthcrc has been no change in the coil 

inductance 242. the naooant fiegueacy of the oscillator 822 wfll «^^*,>|lr rvnsMt and Tvifl ha^ a 

srfKtantiallyanstantphaserdatic^ Tl.us.mlheahsenoc 
of thepassageofacoinpast the sensar(or any other disturbance of the inducted 
output signd843 win have.phasevWdicoiiespoods to thephase of the ref«^ 
ofcB*edge712a.712b,7l2coftheo9dna«orsquaitw»vesignal843.the,,^^ 

midway between thew««peakand«.vetroug|L Any dqwrture Son this conditioo indicates there has been a 
changeinlheresoo«mfiequencyoflheo8ciliatcr822(aadcoosequ«tp^ h 
theembodin«tfon^g.8B.in<riertode««<andoonectsuchdep«m«s.tt^ 

triangfewav,,e«ento828.to.triang!c wave 862 having 

wave 862 is provided to an analog switch 864 which samples the triangle wave 862 at times detennined by pulses 
genmued in response to edges of the oscillator square wave signal 843. output over line 866. n« sampled signals 
are held by capacitor 868. As can be seen from Fi^ 7. if there has been no change in the fi«p«K:y or phase 
relaUonship of the osciUator signal 843. at the times of the square wave edges 71 2a, 7 1 2b, 71 2c. the value of the 
sqpiare wave sipsd 862 will be half way between the peak value and the trough value, to the depicted embodiment. 
Ihetiiangie W8« 862 is configured to have an ampUtude equal to the differena^ S volts) and 

greund potentiaL Thus, difference amplifier 834 is configured to compare the sample values fiwn the triangle wave 
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862 with cfne-ialf of VCC 872. If the sampled values from the triaogle wave 862 are halfway between ^ound 
potaitial and vex; die ou^ 5 1 2 fitim cooq^ara^ 

change to tfiec^»citaDC»ofvaractordio^ Hbweva, if the sanq>ted values firm the triangle 

halfway between ground potential and VCC, difference amplifier 834 will output a volta^ on line 5 1 2 whidi is 

sufficient to a^usC flie capacitanoe of varector diode 844 m an am^^ 

frpquencv of the oacaiatar 822 to maintain tfie fteguency at ihe A^ar^ « ilvrfftntifllly mn5tflnf Vfthir Tbusstgnai 512 
bameasurecf fbemagnitudeof tfaedungesinthe efie^ of tfie coil 242, e.g.» arising fiom passage of 

a cob past the sensor. As shewn in FI& 8A» outputs 612. 512 fiom the In^fiequencylU 
coneqpon(fingou^612'517jkxnfhekiwfie^^ Hie depicted filters 804 are 

low pass filters configured for nwsergection. The pass bands for die filters 804 are inferably sekcted to {Hovi^ 
desirable signal to noise ratio characteristic £y the ou^agnabS82a, 8^ For eXBaq>k; fte 

bandwidth which is provided for the filters 804 may depend U|>on^ 
similar fttrtors. 

In one embodhnent^ the oul^ signab 88a, 882K 882a\ 882b' are jrovided to a cooqxiter for coin 
<£sciiuunation or other analystSL Befisre describing exaQ9>tes of such analysis^ it is belkved useful 
t)picdprcfilesoftbeoutputsignals882a,882b,882a'.882b'. Rg. 9 is a gn^h depicting the ou^ut signals, e.g.» as 
fii^nuc^flppearifttieou^sigpakwerecfispliQiedonapf^^ In fiie illustration of Fig. 

9, the vahies of tt>e and kw fiequency Q sigMs 882a. 882a* and the high ^ 
882b'havc vahKs (dqnctedonlheldlof the gr^ ofFig. 9)prior 

as indicated in Fig. 9 as the coin moves toward the sensor, and is adjacent or center^ within tfie gap of seisor at 
time T „ returning to substantially the original values as the coin oooves aw^fitjsn the sensor al tnne T2. 

The signak 882a, 882b, 882a\ 882b* can be used in a nuniber of fashions to diaracte^ 
objectsasdescribedbeSow: The magpiludeofchangs 902a, 902a* of the low fiequency and hi^fieq^ 
astbeoQiQp8ssesffaesensQrandthed»sohilevalue8904,904' oftfaek>w and high fiequeacyQsi^ials 882a*. 882a. 
re^)ectively. at file tioae 1 1 when coin or other 6i9^ 

byfl»tin»cfgieln pjilmflvinTu mintheD agndgMtth, S«?|**) usdRil in chanictfr^'n g f>nmq Bolh&elowand 
hig^fiequencyQvahiesareusefiilfbrdiscriinination. Xjunmntf*] crttpq sIk«»^ iftg^ ^fi^i t ^flf'°T?iK*^ m Q ff*^*ng 
folowvs.hi^fiequeQcy. The k)w and b'ghfiequency*T>"vahies are also usefiil for dbcriminati Ithasbeen 
fixBxi that some cfaO of diese values axe, at least for some coin peculations; sufficiently characteristic of various coin 
denommatioos that coins can be discriminated with lu^ aocurac^. 

In one cmbodinieot. values 902a, 902a*, 904, 904 ' are obtained for a 1 ar ge number of coins so as to define 
staixlaid values characteristic of each coin denoounation. Figs. lOAand 106 depict hi^ and lowfiequencyQ and 
D data fir different U.S. coins. The values for the data points in Figs. 1 OA and 1 OB are in arbitrary units. Anumber 
offeaturesofthe data are apparent fiom Figs. lOAand lOB. First, it is noted that the Q, D data points for different 
denominations of coins are clustered in the sense that a given Q, D data point for a coin tends to be closer to data 
points for the same denomination coin than for a different denomination coin Second, it is noted that the relative 
position of the denCTninatior^s for ihe low frequency data (Fig. lOB) are different torn the relative positions for 
coire^nding denominations in the high frequency graph Fig. lOA. 
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One method of usii« standaid idatnce date rf^ 

in tbe vicmity of the data poitila. For example, inFigs. lOA and 1(B, icgioos 1002a - 1002e, 1002a' • ]002e' are 

cfcpktolasnrtangularareaseocaniM^ 

high frequency Q and D data are input to the oiniHto 

fitquen(y(iDvah)esfe1beunknowncofaare 

graphandlhekwfiequaxyaDdataisccnspanrftoeachofthere^ 1002a'- I002e'of(he low fiequeocy graph 
KtlOa fffl«wknowcomlicswthinthepredefiDedrcgi^ 

<ffcetiTOOTp|isr^iavrig.lOB.thecoinBindicatodash«vbgthatde^^ Ifthe a D data fells outside 
4eiegionsl0Q2a-10Q2e. 1002a'- 1002e?«thetwgn¥b«iflhed«tapobtoflhennknowcom<»ob^ 
iisideaisgiMooiieqpoixIbgtoafirstdeoom^ 
kwlhxiuaKy grapl^ the com or oUier object is 
in the graphs (^Flgs. lOAand lOB. 

As wiU be an)areot fitm the above discussloa the oror rale that 
wDpartiallydqxiidoolhescBoflhercgiom 1002a- 1002e. 100^^ Regions whidi are 

too large wiU tend to result in an unacceptably large number of false positives (i.e.. identifying the coin as being a 
particular denomiDationvAenilisnoO while defining regions whidi are too small wiU result in anunaccq>tably large 
i»iinberofiasenegativBsae..fiilingtoidenti^ Thus, the size and shape of the 

variousiegioiBiMy be defined or adjusted e.g. eojpiifca^ 

OTorntei bone embodiment, the windows 20Q2a.2002e. 2002a' -2002e' have a sia and shape detm^ 

liK basis of a statistical analjisis of the Q. D values for a standard cr sample co^ 

2 or 3 standard deviations from the mean Q.Dvahiesforlaiown coins. TTie size and sJtape of the regions 1002a. 
1002^ 1002a' - I002e' may be difierent from one another, Ic. different fcr differeit denominations and/or differait 
ftrfliekwfiequcn£yandhi^fi«q«iKygraphsL Furtherawre, the size and shaped the regions may be a<^usted 
dqitndingon fce artidpated coin population (e.ft. in repoos n^ 
so as to discriminate foreign owns, even at Ae cost of raish^thefilse n^^ 

of (he size Of shape of the ««iom may not be necessaiy at tocaUoos in the interim 
may be rdativetyiare). 

Ifdesired, oon^jutcr can be configured to obtain statistics reganling the Q, b values of the cou^ 
are disctiminated by the device in the field This data can be useful to detect changes. e.g. dianges in the <join 
popuIaticB over time, or changes in the average Q, D vdues SUA as may result flora aging 
other components. Such infonnalion may be used to adjust the software or hardware, perioral maintenance on the 
device and the like. In caae embodiment, the apparatus in which the coin discrimination device is used may be 
provided with a communication device such as a modem 25 (Fig. 4 1 ) and may be c^ 

of the regions 1002a - 1002e. 1002a' - I002e' or other data cr software to be modified remotely (le.. to be 
downloadedtoafiddsitefiTxnaoentralsite> In anodier embodiment, the device is configured to automatically adjust 
the definitions of the regions 1002a - 1002e, 1002a' - 1002e' in re^xmse to ongoing statistical analysis of the Q, D 
data for coins which are discriminated using the device, to pnjvide a type of self caUbr^ 
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In light of the above description, a number advantages of the present invention can be seea 
Rm b odi m cn t s of the present invention can provide a device with increased accuracy and service life, ease and 
safe^rfuse, requiring little or DO training and little or no instruction, which reliably returns unprocessed coins 
to the user, rapidly processes coins, has a high throughput^ a reduced incidence of jamming, in which some or 
all jams can be reliably cleared without human interventioD. which has reduced need for intervention by 
trained personnel, can handle a broad range of com types, or denominations, can handle wet or sticky coins 
or foreign or non-coin objects, has reduced incidence of malfunctioning or placing foreign objects in the coin 
bins^hasredttcedinddenoe of rejecting good coins, has simplified and/or reduced requireinents for set-vp, 
cafibratioo or maintenance, has rektivelysroaU volume or footprint req^ temperature 
variations, is relative^ quiet, andAx- enhanced ease ofupgrading or retrofitting. 

In one embodiment, the apparatus adiieves singulation of araiidtmityKxiaited naassof coins widi 
redooedjamniing and high throughput In one embodiment, coins are cffectivdysq^aratedfixm one another 
prior to sensing and/or deflection. In one embodiment, deflection parameters, such as force and/or timing of 
deflection can be adjusted to take into account characteristics of coins or other objects, such as mass, speed, 
and/or acceleration, to assist in accuracy of coin handling. In one embodiment, slow or stuck coins are 
automatically mtoved (such as by a pin or rake), or odierwise provided with kinetic energy. In one embodiment 
items inchiding those which are not recognized as valuable, acceptable or desirable coins or other objects are 
allowed to foUow a non-diverted, de&ult path (jMneferably, under the force of gravis), wlule at least some 
recogmzed and/or accqpted coins are divoted from the default path to move such items into an acceptance bin 
or other location. 

In one embodiment, the device provides for ease of application (e.g. multiple measurements done 
stmuttaoeously andAn* at one k)cati(m), increased performance, such as improved throughput and reduced jams 
(that prematurely end transactions and risk losing coins), more accurate discrimination, and reduced cost 
and/br size. One or more tbrroidal cores can be used for sensing properties of coins or other objects passbg 
tioougb a magnetic fidd, created in oradyaoent a gap inttie torrdd, thus allowing coins, disks, ^[riherical, round 
oro&er otjects, to be measured &r their ]%sical, dimensional, or metallic properties (preferably two or nxve 
properties^ in a single pass over or throu^ one sensor). The device facilitates rapid coin movement and high 
flnou^ut The device provides for better discrimination among coins and odier objects than many previous 
devices, particularly with respect to U.S. dimes and pennies, while requiring fewer sensors and/or a smaller 
sensor region to achieve this result Preferably, multiple parameters of a coin are measured substantially 
simultaneously and with the coin located in the same position, e.g., multiple sensors are co-located at a position 
on the coin path, such as on a rail. In a number of cases, components are provided which produce more than 
one function, in order to reduce part count and maintenance. For example, certain sensors, as described 
below, are used for sensing two or more items and/or provide data which are used for two or more &mctions. 
Coin handling apparatus having a lower cost of design, fabrication, shipping, maintenance or repair can be 
achieved. In one embodiment, a single sensor exposes a coin to two different electromagnetic fi'equencies 
substantially simultaneously, and substantially without the need to move the coin to achieve the desired two- 
fiequenqr measurement In this context, "substantially" means that, while there may be some minor departure 
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fixmamultandty or minor com nK««a^ departure from 

amulum«tyorinov««ntisnotsogrea.astoii^^ 

spacerequ«n«rts.inc«asiDgcomth^^ For example, 

preferably, during detection of the results of exposure to the two frequcndes. . eoin wffl move less than a 
diameter of the largest-diameter coin to be detected, moie preferably less than about 3/4 a Iargest<om 
diameter and even more preferably less than about 1/2 of a coin diameter. 

The present invenUon makes possible improved discrimination, lower cost, simpler cireuit 
implementation, smaller size, and ease of use in a practical system. Preferably, all parameters needed to 
ideotify.com are obtainedat the same time and with the coin in the same pM^^ 
other discriminatioa algorithms aie smplificd 

Other door configurations than those depicted can be used. Ibe door 62 may have a laminated 
stnicture. such as two sted or other sheets ooivled by. e.g.. adh^ 

A number ofvaiiatioos and modifications ofthemvenlioo can be used. It is possible to use some 
aspectsoftheinvationwitbautusingoAerL Fcre»campk the described techniques and devices for providing 
multiple frequencies at a single sensor location can be advantageously employed without necessarily using the 
s«sor geometry depicted It is possible to use the described tonoid^re seasons, while using amdysis. devices 
or techniquesdifiaentfiom those described herein and vice versa. It is possible to use the sensor and or coin 
raU configuration described heiein without using the described coin pickup assembly. For example it is 
possible to use the sensor described herein in connection with the com pickup assembly described b S N 
08ffl83.655. for POSITIVE DRIVE COIN DISCRIMINATINO APPARATUS AND METHOD, and 
inoon>oratedhe«inbyrefei«ice; » is possible to use aspects ofthe singulation and/or discriminabonp«»^ 
of the apparatus without using a trommel. Although the mvenUon has been described in the context of a 
machine which receives a phiraUty of coins in a mass, a number of features of the invention can be used in 
connecUon with devices which receive coins one at a time, such as through a coin slot 

Althoogt the sensors have been described in connection with the coin counting or handling device, 
sensors can also be usedmconnection with coin activated devices, such as vending machine^^ 
gaming devices, and the ace. In addition to using infonnation about discriminated coins for outputting a 
printed voucher.theinfonnation can be used mconnection with making declion^ e.g. to the 

bank account of the user (feg. in accofdaw* with iafottnation read fio^ 

and/or to an account of a third party, such as the retail location where the apparatus is placed, to a utility 
company, to a govermnent agency, such as the U.S. Postal Semce, or to a charitable, non-profit or poUtical 
organization (e.g. as described in U.S. application Serial Number 08/852.328. now U.S. 5.909.794 for 
Donation Transaction method and apparatus, incorporated herein by reference. In addition to 
discriminating among coins, devices can be used for discriminating and/or quality control on other 
devices such as for small, discrete metallic parts such as ball bearings, bolts and the like. Although the 
depicted embodiments show a single sensor, it is possible to provide adjacent or spaced multiple sensors 
(e.g.. to detect one or more properties or parameters at different skin depths). The sensors of the present 
invention can be combined with other sensors, known in the art such as optical sensors, mass sensors, 
and the like. In the depicted embodhneni. the coin 242 



47 



is posidooed on both a first side 244a of the gap and a second side 244b of the gap. It is believed that as the 
coin 224 moves down the rail 232, it will be typically positioned very close to the second portion 244b erf the 
coil 242. If it is found that this close positioning results in an undesirably high sensitivity of the sensor 
inductance to the coin position (e.g. an undesirably large variation in inductance when coins or are 
otherwise soroewdiat spaced fincxn the back waU (rfthe rail 232), it may be desirable to place the high frequency 
ooil 242 only on the second portion 244a (Fig. 2C) which is bdieved to be normal^ somewhat farther spaced 
from the coin 242 and thus less sensitive to coin positional variations. The gi^ may be fonned between 
opposed faces of a tondd section, or fonned betwem the opposed and spaced edges of two plates, ooii^led 
(sudx8st]yadhesioa)lolaoesafasecti0aofatonoid In either configuration, a single continupus non-linear 
core has first and second ends, with a gq» therebetween. 

Althou^ it is po6sil>le to provide a sensor in ^ch the core is driven by a direct current, preferably, 
the core is driven by an alternating or varying current 

In one embodiment two or more frequencies are used Preferably, to reduce the number of sensors 
in the devices, both frequencies drive a single core. In this way, a first fi^quency can be selected to obtain 
parameters relating to the core of a coin and a second frequency selected to obtain parameters relating to the • 
sldn region of the coin, e.g., to characterize plated or laminated coins. One difficulty in using two or more 
frequencies on a single core is the potential for interference, hi one embodiment, to avoid sodi mterference 
both frequencies are f^iase locked to a single reference frequency, hi one approach^ the scosor forms an 
inductor of an L^C oscillator, whose frequency is maintained by a Phase>Locked Loqp (PLL) to define an error 
signal (related to Q) and amplitude whidi change as the coin moves past the sensor. 

As seen in Figs. 2A, 2B, 3 and 4, the depicted sensor includes a coil which will provide a certain 
amount of inductance or inductive reactance in a circuit to which it is cormected. The effective inductance of 
the coil wiU duDge as, CLg. a odn QK)^ a^aoent or tfirou^ t^ 

to at least partially characterized coin. Without willing to be bound by any theory, it is believed the coin or 
other object affects inductance in the following manner. As the coin moves by or across the gi^, the AC 
magnetic field tines are altered If the frequency of the varying magnetic field Is sufficiently high to define a 
"skin dqp(h"^^ch is less than about the thickfiessoftfae coin, no field lin^ go through the coin as the coin 
moves across or through the gap- As the coin is moved across or into the gap, the inductance of a coil wound 
on the core decreases, because the magnetic field of the direct, short path is canceled (e.g„ by eddy currents 
flowing in the coin). Since, under these conditions no fiux goes through any coin having any substantial 
conductivity, the decrease in inductance due to the presence of the cob is primarily a iunction of the surface 
area (and thus diiameter) of the coin. 

A relatively straightforward approach would be to use the coil as an inductor in a resonant circuit 
such as an LC oscillator circuit and delect changes in the resonant frequency of the circuit as the coin moved 
past or through the gap. Although this approach has been found to be operable and to provide information 
which may be used to sense certain characteristics of the coin (such as its diameter) a more preferred 
embodiment is shown, in general form, in Fig. 5 and is described in greater detail below. 
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In the embodiment of Fig. 5. a phase detector 506 compares a signal indicative of the frequency b 
the oswHator 508 wth anrfbeo* frequency 510 and outpuu an ent«-si^ 

van««compon«tcrftheoscin.torS14(such«.variablecapadtor). The magnitude oftheem.r signal 51 2 
is an indication of the magnitude of the change in the effective inductance of the coil 502. The detection 
configuration shown in Fig 5 is thus capable of detectmg changes in inductance (related to the coin diameter) 
while maintainmg the frequency oftheoscillrtorsubstantiaBy coasts Providing a sM^tantially constant 
frequency is useful because, among other reasons, the sensor wiU be less affected by interfering 
electroinapKticfieldsthanasensorthatallowsthcl^^ It will also be easier to prevent 

umvanted electromagDetic radiation from the sensor, since filtering or shielding would beprovided coly with 
req;>ect to one fiequen<y as opposed to a range of frequencies. 

WilhoutwisWngtobeboundbyaiiytheoiy. it is believed that the presence of the coin affects energy 
loss..sindicatedbylheQfi«toriathe&Uawingmamter. As noted above, as the coia moves past or thnmgh 
the gap. eddy currents flow causing an energy loss, which is related to both the amplitude of the current and 
tberesistanoeofthecoia TT»eanvKtudeafthecur«nt is substantially independent of coin conductivi^ 
the magnitude of the cunent is always enough to cancel the magnetic field that Is prevented by the presence 
of the coin), -nwelbre. for a given effective diameter of the coin, the energy loss in the eddy cunents will be 
inversely related to the conductivity of the coin. The relationship can be compUcated by such factofs as the 
skin depth, which affects the area of current flow with the skin depth being related to conductivity. 

•n)us.lora ooa 502 driven at a first, e.g sinusoidal, frequency, the amplitude can be deteraiined by 
using timing signals 602 (Fig 6) to s»nple the voltage at a time known to conespood to the peak voltage m 

the cydc.usingafirst sampler 606 and sampling at 8 second point in the cycfefcncnvn to 
trough using a second sampler 608. The sampled (and beW) peak and trough volUges can be provided to a 
diffaenlial amplifier 610. the output of which 612 is related to the conductance. More precisely speaking, the 
output 6 1 2 will represent the Q of the circuit hi general. Q is a measure of the amount of energy hws in an 
oscillator, h, a perfect oscillator circuit, thoe would be no energy loss (once started, the circuit would osciUate 
fcrevB)«nd«heQ value would be infinite. In a real circuit, the amplitude of oscillations will diminish and Q 
is a measure of the rate at which the amplitude diminishes. In another embodiment. daU relating to changes 
in frequency as a fimction of changes in Q are analyzed (or correlated with daU indicative of this functional 
relatioDdiip for various types (tf coins or other objects). 

hi coeembodhneot. the inventionmvolvescombiningtwoor more frequencies on one core by phase- 
locking all the fiequeocies to the same reference. Because the frequencies are phase-locked to each other, the 
interference effect of one frequency on the others becomes a common-mode signal, which is removed, eg. 
with a differentia] amplifier. 

In one embodiment, a coin discrimination apparahjs and method is provided in which an oscillating 
electromagnetic field is generated oo a single sensing core. The oscillaling electromagnetic field is composed 
of one or mote frequency components. The electromagnetic field interacts with a coin, and these interactions 
are monitored and used to classify the coin according to its physical properties. All frequency components of 
the magnetic field are phase-locked to a comrrxMi reference frequency. The phase relationships between the 
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various fiequeoctes are fixed^ and 4ie mteractioo of eadi frequency component with the coin can be accurately 
detennmed without the need for cxxi^li^^ geometric shaping of the sensing core, 

hi one eoibodiment, a senscr having a cofe, preferably ferrite, which is curved (or otherwise non-linear), such 
as m a U-sh£^ or in the shape of a section of a torus, and defining a gap, is provided with a wire winding for 
5 exdtatioo and/or detectioQ. The sensor can be used for simultaneously obtaining data relating to two or more 

parameters of a cdn or other object, such as size and conductivi ty of the object Two or more frequencies can 
be used to sense core and/or cladding properties. 

hi the embodinsent dq>ic(ed m Rgs. die qiparatus can be ooiu^^ 
cuneotl/ieadqyflnmilableaDdxdativdy^ As wiD be apparent to those of^ in the art. otter 

10 be cogifigtHgri for pgrfnrming fimcHnng iMcfiil m Htwwnmftfmg mwi ttqing rtv> <amcny Wgc 7«A SoOUe 

embodiments may he naefii! tn <rfecl onn y nnente tn mi»?mt7<> ♦>w» effpt*i nf tmperfthre Aift Mt- hi SOCne situations. 

porticuladyhig}! volume situaticiiSy some or an of ^ ciicuitiy may be |HtAided in an integrated fashion 

pnndded on an qsplicatioo specie integrated circuit (A5IC). hisomeembodimyentsitmaybedeshi^letoswitdi 

dbereifitiverofesoftiie square wave 843 and triangle wave 86Z For example, r^berdianobtainmg a sanq>le pulse 
15 based on a square wave dgnal 843, a drnutoouU be used which would provi^ 

directly to the analog switdi (without nee&g an edge detect). The scpiare wave woiild he used to generate a 

triangular wave. 

Thephasekxi<edk)opcffouitsdeaiibed above use veiy ^ 

}CX)dBorincieGQtt£feedbadc path, so as to maintain a vety small i^iase error, hi s(me situations this may lead to 
20 cfi&ul^hachbving phase lcx:ki7,i^poc initiating the 

small f^iase error requirements in order to achieve initial phase lock more readily. 

Although the embodiment <i'Figs. 8A-8C provides for two frequencies, it is poss^ 

using tbee or more frequencies^ e.g. to provide better coin discrinoii^^ 
Ad&ianally, nfiier ttian providing two or niore discrete frequ^ 
25 sweq>a*dntp"flirou^afi«quencyrange. hioaeendx>dtment,inorddrtoaciiieveswept-fie9ienGydataitwo^ 

beusefrl iDprovide an extcemdy r^id fiequeocy sweep (so tfiat the ooi^ 

time retpiired &r the freqiiexK:y to sweep) or to mamtain t^ 

In some embodiments m place of or in addition to analyzing values obtained at a single time (t |Fig 9) to 

characterize coins another objects, itrnay be useful to use data from a variety of different tiines to develop a Q vs. t 
30 profile or D vs. t profile (wberc t represents time) for detected objects. For example, it is believed thai larger coins 

such as quarters, tend to result in a Q vs. t profile which is flatter, compared to a D vs. t profile, than the profile Sbc 

smaQerooinsL tt is bdieved that some. mosUysymnaetrkr^waveforaiis have di 

coin Mhere d£ Q of die inner radius of the coin is Afl&rent from the Q of the outer annulus. It is believed that; in some 
cases, bumps on the leading and trailing edges of the Q waveforais may be related to the rim of the coin or the 
35 thicloiessofplatingorlaniinationoear therimofthecoia 

In some emt>odtiDeQts the output data is influenced by relatively smaU>scaIe coin characteristics such as 
plating thickness or surface relief In some circumstances it is believed that surface relief infonnatioo can be used, 
e g, to distinguish the face of the coin, (to distinguish 'lieads" fipom "tails'^ to distinguish old coins fiom new coins 
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ofthesamedenoaunatkauyltbelite. Inorfertopn^ventnitolionaltrient^ 
proper surface rcUefanalysis.it is ia^e«ibkto(»^ 
n^ajofaasandialbrqoiartricseawora^ 
centered OD the coin face center. 

AlthoQ^ Fig. 5 dq>icts one iashioa of obtaining a signa] related to Q. other circuits can also be used 
In the embodiment depicted in Fig. 5. a sinusoidal voltage is applied to the sensor cofl 220. e.g.. using an 
oscillator 1 102. Tbewavdbnnofthecunwt inthecoU 220. will be affected by the presence of a coin or other 
object«ljacenttheg.p216.316..sdescribed.bove. Different phase components oftbe resulting current 
wavefimcanbcusedloobtaindatorelatedloiwInctanceMidQrespectiveljr. In the depicted embodiment. 
thecuncatinthecoil220»decomposedinto.lleasttwocompooert»..&stcom^ 
with theoutput of the osciHator 1102. BKl asecondconvoDentiShichiadcla^ 

totheoutputoftheosciUatorllOl Tbe«compon«te cin be obtainedusing phase-sensitive anvUficrs 1104. 
1106 such as aphase locked loop device and. as needed, a phase shifl or delay device of a ^weU known 
in the art The in-phase component is related to Q. and the 90 degree lagging component is related to 
inductance. In one embodiment, the output from the phase discriminators 1 104. 1 106. is digitized by an 
analog-toKligital converter 1 108. and processed by a microprocessor 1 1 10 In one implementoUon of this 
technique.measureiMotsaretakenatmanyfiequei^ 

The otheraidof the ooa is grounded Foreadifiequency. there is a dedicated "recdvei" that detects the I and 
Q signals. Alternatively, it is possible to analyze all frequencies siibultaneously by employing, e.g.. a ftst 
Fourier transforai (FFT) in the microprocessor. In another embodiment, it is possible to use an impldance 
analyzer to read the Q (or "loss tangent") and inductance of a coiL 

In another embodiment, depicted in Fig. 12. information regarding the coin parameters is obtained 
byusinglbeseBsorl212asaniDductorinanLCoscinatorI202. A number oftypesofLC oscillator can be 
used as win be apparent to those ofskiUinlheart.afler understandmg the present disclosure. Although a 
taBsistor 1204 has been depicted, other ampUfiera such as op amps, can be used indifferent configurations. 
In the depicted embodiment, the sensor 1212has been depicted as an inductor, since preset 
vicinity ofthe sensor gap wiUaflfect the inductance. Since the resonant frequency of the osctUator 1202 is 
related to the effective inductance (frequency varies as (I/LC) »): as the diameterof the coin increases, the 
frequency of the oscillator increases. The amplitude of the AC in the resonant LC circuit, is affected bjl the 
conductivity of objects in the vicinity of the sensor gap. TT,e frequency is detected by frequency detector 1 205. 
and by amplitude detector 1 206. using well known electronics techniques with the results preferably being 
digitized 1208. and processed by microprocessor 1 2 10. In one embodiment the oscillation loop is completed 
by amplifying the voltage, using a hard-limiting amplifier (square wave output), which drives a resistor. 
Changes in the magnitude ofthe inductance caused the osciUator-s frequency to change. As the diameter of 
(he test coin increases, the frequency of the oscillator increases. As the conductivity ofthe lest coin decreases, 
the ampUtude of the AC voltage and the tuned circuit goes down. By having a hard-limilcr. and having a 
current-limiting resister that is much larger than the resonant impedance ofthe tuned circuiU the amplitude of 
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the signal at the resonant circuit substantially accurately indicates, in inverse relationship, the Q of the 
conductor. 

Although one manner of analyzing D and Q signals using a microprocessor is described above, a 
microprocessor can use the data in a number of other ways. Althou^ it would be possible to use formulas or 
statistical regressions to calculate or obtaia the numerical values for diameter (e.g., in inches) and/or 
oooductivit/ (e.g., inmhosXitis CQOtemplatBdlhai afieqpienluse of the present inventicm will be in connection 
with a com counter or handler, which is intended to 1) f<icqrirp"'«*^ cdns ftom non-coin cdgects, 2) 
discriminate dooiestic fiom foreign coins andAir 3) discriminate one cchu denomtnation from another. 
Aoooidingly, in one qnhodiment, the microprooessor cooopares the diameter-indicating data, and.conductivity- 
indicartng data, with standaid data indicattve of oonAictivity and diameter for, various known coins. Although 
it would be possibb to use the nucTopn)ce$sor to convert detected data to standard di 
vahies cr units (sudi as inches or mbos), and compare with data which is stored in memory in standard values 
or units, the conversicm step can he avoided by storing in memory, data characteristic of various coins in the 
same values or units as the data received by the microprocessor. For example, when the detector of Fig. 5 
and/or 6 outputs vahies in the range of e. g. , 0 to +5 volts, the standard daU characteristic of various known 
odns can be converted, prior to storey to a scale <^ 0 to 5, aiid stored in that fom 
be made directly, without an additional step of conversion. 

Although in one enibodiment it is possible to use data from a single point in time, such as when the 
coin is centered oo the g^ 216, (as indicated^ e.g., by a rdative maximum, or minimum, in a signal), in another 
embodiment a plurality of values or a continuous signal of the values obtained as the coin moves past or 
through the gap 216 is preferably used 

An example of a sin^e point of comparison for each of the in-phase and delayed detector, is depicted 
inFig. 13. In thb figure, standanidaift (stored in the computer), indicates the average and/or^^ 
tokranoe range of in-phase amplitudes Ondicalive of condudiviiy), which has been found to be associated with 
U.Su pennies, ludod^ dimes and quarters, tespectivet/ 1302. Data is also stored, indicating the average and/or 
aocq>t8nce or tolerance range of values output fay ttie 90 degree delayed an^litude detector 406 (indicative 
of diameter) associated with the same coins 1 304. Preferably, the envelc^ ot tolerance is sufficiently broad 
to lessen the occurrence of false negative results, (which can arise, c.g.. from worn, misshapen, or dirty coins, 
electronic noise, and the like), but sufficiently narrow to avoid false positive results, and to avoid or reduce 
substantial overlap of the envelopes of two or more curves (in order to provide for discrimination between 
denominations). Although, in the figures, the data stored in the computer is shown in graphical form, for &e 
sake of clarity of disclosure, typically the data will be stored in digital form in a memory, in a manner well 
known in the computer art. In the embodiment m which only a single value is used for discrimination, the 
digitized single in-phase amplitude value, which is detected for a particular coin (in this example, a value of 
3.5) (scaled to a range of 0 to 5 and digitized), is compared to the standard in-phase data, and the value of 3.5 
is found (using programming techniques known in the art) to be consistent with either a quarter or a dime 
1308. Similarly, the 90-dcgrec delayed amplitude value which is detected for this same coin 1 3 10 (in this 
example, a value of 1.0), is compared to the standard in-phase data, and the value of l.O is found to be 
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consistent with either . penny or . dime 1 3 12: Thus, dtbough each test by it«lf would yield ambiguous 
r«ul.s.since,hesingledetectorpra«<lc,infonna»i^ on two p„an>eters (one dialed to conductivity and one 
related to di«»^). the discrinunation c«. be ««de unan.big«»«,y since the« is only one denonunation 
(dime) 1314 which is consistent with both the conductivity data and the diameter data. 

Asnoted.nUher than usbgsirigle-pomt comparisons^ it is possible to use 
contmu««cu.^)genen^„fl,ecoia moves past or through the gap2I6.316.P«^ 
canbeusedmseveraldifferentway^ 1° *«««°«>le of Fig. 14. a plurality of known denominatioo, of coins 
«* sent thn>ugh the discriminating device in order to «xumul^ 

<fe«»ina.ionsl4(«^b.c.41404a.b.c.d H-e represent the average change in output fiom the in-phase 

anvh.»dede.«t«- ,104 «d.9(Weg«de,.y detector Ibr (shown on the vertical axes) 1403 «k, acceptance 

««g«crtolernnces,405.sthecoinsmovepastfl«detectorov« 

»as). I»«der,odiscrimin..e«,unkno««coinorotherobject..heo«ectisp.,s^ 

cfctector. and each of the in-phase «aplit»de detector 1 1 04 and IXWegree delayed ampKtade detector 1 1 06 

respcct.vely.producea«nveorprofilel406.,410.re^vely. In the embodiment depicted in Fig. 8 the' 

m^hasep,offlel406gen«ted.sacoinpasses the detector212. is compared to th^ 

for^Mf^t cobs .402a. ,402b. M02c.l402d. Comparison can be made in a number of ways, hone 
mAodimenl. thed.Uisscafcdso.hat ahorizontal axis between imUal and final threshold values 1406a equals 
.st«Klanltime.lbrbettermatciri„gwiththesta^ The profile shown in ,406 

« then compared with standard profiles stored in memoor 1 402. through 1 402d. to detennine whether the 
det«^proaeiswithintheaoeq.t.blee»veiopesdefin^ 

method is to calculate a closeness of fit parameter using weH known curve-fitting techniques. «k1 select a 

denc«nnat.onorsevcraldenonunations.whichmostclosdyfitthes^ Still another method 

.stDsdectaplundity of pointsatpredetetmiaed(sealed) internals alongtheti^ c d) 

«Klcomp«rethesevah«wia,conespondingtimepoints for each ofUied^ In this cse only 'the 

standatdvduesmKltofcrances or envelopes at such predetermined times nee^ 

menKHy. "sing «qr or .U these method^ the comparison ofthe sensed data ,406. with the stored 

data 1402. through 1402d indicates, in this ex«„p,e. that the in-phase sensed data is most in accord wiO. 

standanldatalbr quarten^ordimes ,409. A similar coo>parison of the 90^ delayed data 1410 to stored 

standanl90.fegn«delayedd.ta0404athn>ughl404<0.hK«c.tes that the s«^ 

. dmie. As before, using both these results, it is possible to determine that the coin was . dime , 404 

to one embodiment, ibc in-phase and out-of-phase data are correlated to provide a table or graph of 
m-phase amplitude versus 90.<iegree delayed ampUtude for the sensed coin (similar to the Q versus D data 
depic^mPigs .OAand 'OB), which can then be compared with standard in-phase versus delayed profiles 
obtamed for various coin denominations in a manner similar to that discussed above in connection with Figs 
I OA and, OB. 

Although coin acceptance regions are depicted (Figs. ,0A JOB) as rectangular, they may have any 

shape. 
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In both the configuration of Fig. 2 and the configuration of Figs. 3 and 4, the presence of the coin 
affects the magnetic field It is believed that m some cases, eddy currents flowing in the coin, result in a 
smaller inductance as the coin diameter is larger^ and also result in a lower Q of the mductor, as the 
coDdudivi^Qf the coin is lower. As a result, data obtained from either the sensor of Figs. 2A and 2B, or the 
sensor of Fi^ 3 and 4» can be gathered and analyzed by the apparatus depicted in Figs. 5 and 6, even though 
the detected changes in the ooofiguratton of Figs. 3 and 4 will typicaUy be smaller than the changes detected 
in the configuration of Figs. 2A and 2B. 

Although ceitain sensor shapes have been described herein, the techniques disclosed for applying 
nnihipiefiequencies on asingle core could be Applied to and of a number of sensor shapes, or other means of 
fcnning an inductor to subject a coin to an alternating magnetic field 

Although an embodiment described above provides two AC frequencies to a single sensor core at 
the same time, other approaches are possible. One approach is a time division approach^ in which different 
fi^equencies are generated during different, small time periods, as the coin moves past the sensor. This 
approach presents the difficult of controlling the oscillator in a '^e^slice'* fa^on. and correlating time 
periods with frequencies for adneving the desired analysis. Another potential problem with time-multiplexing 
is the inherent time it takes to aocuratdy measure Q in a resonant circuit The higher the Q, the longer it takes 
fcr the osciilator's amplitude to settle to a stable value. This will limit the rate of switching and ultimately the 
cointfarou^ut hi another embodiment, two sq^arate sensor cores ( 1142 a,bFig 11 A) can be provided, each 
with its own wincBng 1144a. b and each driven at a different fi^uency 1 146a, b. This approach has not only 
the advantage of reducbg or avoiding hannonic interference, but provides the opportunity of q)timizing the 
core materials or diape to provide the best results at the frequency for which that core is designed When two 
or more frequencies are used, analysts of the data can be similar to that described above, with different sets 
of standard or n^erence data being provided for each fi-equency. In one embodiment, multiple cores, such 
as the two ewes 1 142a, b of Fig 1 lA, along the cmn path 1 148 are driven by differei^ fiiequen^es 1 146a,b 
that are phase-locked 1152a, b to the same reference 1 154, such as a crystal or other reference osciUatcv. In 
one embodiment, the oscillators 1 1 54 a, b that provide the core driving fi^quencies 1 146a,b are phase-locked 
by varactor tuning (e g as described above) the oscillators 1 154 a, b using the sensing inductor 1 154 a, b as 
part of the frequency determination. 

In one embodiment, a sensor includes first and second ferrite cores, each substantiaUy in the shape 
of a section of a torus 282a, b (Fig. 2D), said first core defining a first gap 284a, and said second core 
defining a second gjap 284b, said cores positioned with said gaps aligned 286 so that a coin conveyed by sajd 
counting device will move through said first and second gaps; at least first and second coils 288a, b of 
conductive material wound about a first portion of each of said first and second cores, respectively; an 
oscillator 292 a coupled to said first coil 288a configured to provide current defining at least a first frequency 
defining a j5rst skin depth less than said cladding thickness and wherein, when a coin is conveyed past said first 
gap 282a, the signal in said coil undergoes at least a fu^ change in inductance and a change in the quality 
factor of said inductor, an oscillator 292b coupled to said second coil 288b configured to provide current 
defining at least a second frequency defining a second skin depth greater than said first skin depth wherein. 
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wh« said coin « conveyed p«* said second gap 2«4b. signal m 
change in inductance and.secoixldBnge in the <H^^ 

to recdve data imlicativeofsaid first and second changes in inductance and 
separate characterization of said cladding and said core. 

Inanothercmbodiment. current provided tothccoO is a substantially constant or DC current This 
configuration is useful for detecting magnetic (ferromagnetic) v. non-magnetic coins. As the coin moves 
througborpastthe gap. thaewnbeeddycurnat effects. asweU as permea^^^ As discussed above, 

thesecftctscanbeusrf toobtain. e.g.. information regarding conductivity, such as core conductivity. ITius.* 
in thisconfigurBticnsuch.sd«,rc«, provide not only informational 

natoeofthecoin.butalso«gardingtbeconductivay. Such a configuration «m be combined with a high- 
frequeoqr (skin effect) estchatioa ofthecoreand.sincetherewouldbeno tow-fiequency (and thus no low- 
frequency harmonics) interfereoceproblems would be avoided It is also possible to use two (or mow) cores, 
one driven with DC. and another with AC. DC-driven sensor provides another parameter for 
discrimination (permeabUity). Penneability measurement can be usefiU in. for example, discriminrting 
betw«n US. coins and certainfordgn coins or slugs. Preferably, computer processing is peribrmed in order 
to remove "speed effects.* 

Although the im«nticD has been described by way of a preferred embodiment and certain variations 
and modifications, other variations and modifications can also be used, the invention being defined by the 

following claims. 
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1. Apparatus for sensing coins moving along a coin path comprising: 
magnetic core means adjacent said coin path; 

winding means coupled to said magnetic core means; 

means for providing at least a first signal with a first frequency to said winding 

means; 

means for tuning said means for providing; and 

means for using said winding means for frequency determination. 

2. Apparatus as claimed in claim 1, wherein said means for tuning is selected from the 
group consisting of a varactor and a variable inductor. 



3. 



A method of sensing coins employing an apparatus according to claim 1 or 2. 
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